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FREE! Send for our handy celluloid vest pocket 
size “Hardness Conversion Table.” Quickly gives 
approximate relation between Brinell, Rockwell 
and Shore hardness values and corresponding 
strengths of Nickel Alloy Steels. Address Dept. F5. 
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More On Variable Speed 


Propuct ENGINEERING 
NEW YORK 

In your September number, beginning on 
page 339 you have an article “Variable- 
Speed Drives in Modern Machines.” Pre- 
sumably this article is supposed to include 
the latest in the application of variable-speed 
drives. But I noticed that the article did 
not include anything about the New Depar- 
ture Transitorq which, incidentally, is ad- 
vertised in your paper. At the Machine 
Tool Show I saw a number of lathes and 
other machine tools with the Transitorq 
built-in. 

Nor does the article make any mention of 
hydraulic variable-speed drive units such as 
recently announced by Vickers. —B.C.L. 

Cincinnati, Ohio 


W E must humbly acknowledge that 
it is not always possible to include 
“the latest’ in our articles. Things are 
moving so fast these days that the ink is 
hardly dry before something new is in- 
troduced. 

As to our omission of any mention of 
the Transitorq in our September issue, 
at the time the article was prepared we 
were unable to find any machinery manu- 
facturers who were willing to release the 
information relative to their application 
of the Transitorg. Naturally the ma- 
chine tool builders were withholding their 
releases until the Cleveland Show. 

As to the hydraulic variable-speed 
units, these will make an article by them- 
selves which will appear in a future issue. 
Similarly, there will be an article on the 
motorized units such as the Transitorq. 


Old But Still Interesting 


Propuct ENGINEERING 
NEW YORK 

In the June 1930 issue of your publication 
you had some cuts showing various mechani- 
cal movements. 

If you have a copy of this issue available, 
or any other issues containing these mechani- 
cal movements, we will appreciate a copy of 
same. If you will let us know how much 
this will be, we will be glad to forward you 
our check for same. —R.H.S.H. 

Baltimore, Md. 


HE pictures referred to are those 
showing 160 working models of 
mechanical motions classified in ten 
panels, and which appeared in the June 
and July 1930 numbers of Product Engi- 
neering. The working models were de- 
signed and built by W. M. Clark, and 
were exhibited at the Newark Museum, 
Newark, N. J. 
Because of the great demand for these 
pictures, they were reprinted in a four- 
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page leaflet. A limited number of these 
reprints are still available and can be 
had for the asking. 


Not a Trade Paper 


PRODUCT ENGINEERING 
NEW YORK 
It is my impression that Product Engi- 
neering does not deal very much with the line 
of products that my company manufactures, 
namely, valves and plumbing specialties. 
However, I will be glad to have more in- 
formation in this respect. —R.H.B. 
New Britain, Conn. 


UR correspondent is both correct 

and incorrect. Itis true that Prod- 
uct Engineering is not a trade paper. 
Hence the absence of any comprehensive 
editorial matter detailing the business 
activities in any one field. Being a pro- 
fessional publication, the editorial con- 
tent confines itself to engineering princi- 
ples that have broad application. For 
example, recent articles on die-castings, 
thermostatic devices and springs, to men- 
tion only a few, contain data and informa- 
tion applicable to the design of valves, 
fittings and plumbing specialties. 


Let’s Start Something 


Propuct ENGINEERING 
NEW YORK 

I find your magazine brings together a 
very broad group of subjects helpful to most 
design engineers. It succeeds in reviewing 
new developments in all fields, which is an 
excellent service. 

There is one other type of service I wish 
your organization would furnish. That is 
to develop for the engineering office a stand- 
ard filing system similar to that of the 
American Institute of Architects. Such a 
system I believe should be general to serve 
those in general practice, then tie into this a 
more detailed system for the various spe- 
cialized branches such as aeronautical, auto- 
motive, chemical, civil, electrical, marine 
and mechanical, etc. With but little encour- 
agement manufacturers would add to their 
standard size literature (84x11) filing num- 
bers placed in an appropriate location. 

Although this subject may not be one 
which Product Engineering could carry on 
as a magazine, there is centered in your pub- 
lishing company the necessary group ex- 
perience to cooperate with the various 
technical groups and societies to develop a 
very comprehensive system. 

May I have your comment. —O.G.B. 

Dearborn, Mich. 


E’LL “pass the buck” right over 
to the reader. Here are two prob- 
lems tied up in one. With reference to 
standard filing systems, the Engineering 
Societies Library has developed a varia- 
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tion of the decimal system to meet th« 
special needs. But the system that O.G. B 
evidently has in mind would have to go 
far beyond the filing and indexing 
technical articles and information. 

With reference to standard sizes 
catalogs and bulletins, this matter has 
cropped up time and again. The Simpli- 
fed Practices Division of the American 
Bureau of Standards has accomplished 
something in reducing the number of 
paper sizes in use. But little or no prog- 
ress has been made in standardizing the 
sizes of catalogs and bulletins. On the 
other hand, considerable has been accom- 
plished in this direction in Germany. 

In so far as the American Standards 
Association is concerned, they under- 
take standardization programs only at 
the request of interested parties. If 
there is sufficient demand for a particular 
standardization, the work of developing 
the standards is supervised by the Asso- 
ciation, 

Hence we ask the question: Is there 
a real need for a standardized filing sys- 
tem for engineering departments, and is 
there a real need for the standardization 
of catalog sizes? We know the answer 
but wonder how many responsible engi- 
neers are sufficiently interested to make 
their desires known. We suggest that 
those who are interested should write us 
about it. Product Engineering will be 
glad to serve as a medium to call this to 
the attention of the standardizing bodies. 


Surface Finish Specifications 


Propuct ENGINEERING 
NEW YORK 

We are very glad to note that you are 
planning to have another artcile in your 
magazine on the subject of the specifica- 
tion of surface finish. We would like to 
gather as much information as we can, as 
we feel here is one subject that causes a lot 
of trouble because finish cannot be specified 
definitely on drawings. 

Incidentally, the pamphlet published by the 
American Standards Association on drawing 
practice is a very good one, and we have 
already purchased several copies. —B.F.H. 

New Freedom, Pa. 


UR news item relative to the re- 

cently published Drawing and 
Drafting Room Standards, issued by the 
American Standards Association 1m- 
pelled quite a few of our readers to get 
this valuable pamphlet. We highly 
recommend it and hope that many ot 
of our readers will follow the exar ple 
of B.F.H. As to an article on surtace 
finish designation, this is on the bool 
and will appear in an early issue. 
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Croesus and His Gold 


ROESUS was proud of his gold; no other 

man possessed as much as he. His was 
the conceit and arrogance born of wealth. 
With much ceremony and ostentation he 
showed his golden treasures to the philoso- 
pher Solon, who wisely remarked, “If any 
other come who hath better iron than you, he 
will be master of all this gold.” Croesus be- 
came humble as he realized the truth of this 
Statement and what it implied. 

Damascan swords, Roman armor and cast- 
iron cannon at Cressy demonstrated that out- 
numbered armies are usually victorious if 
their military equipment is sufficiently better 
than that of their opponents. And the posses- 
sion of gold serves merely as an added incen- 
tive for the adversary, raising his hopes and 
morale and impelling him to redouble the ef- 
forts of his onslaughts. The more coveted 
the prize of victory, the greater is the deter- 
mination to win. 

History as it is written and taught is mostly 
a record of bloody conflicts, of lives of men 
ambitious for personal power and glory, and 
the stories of nations either despairing under 
oppression, ruthlessly oppressing the van- 
quished or seeking to dominate the world. 
But the history of the growth of the material 
civilization is the history of the development 
of chemistry and metallurgy, not as reflected 
in the powers of military conquests, but as it 
has brought the comforts and luxuries made 
available by the products of today. 

One is likely to overlook the predominant 
part played by materials in the history of the 
development of civilization. No machine 
can be better than the material of which it is 
made. Those materials available at the time 
will fix the limits of power, efficiency, and de- 
pendability of operation to which the ma- 


chine can be designed. Mechanical design is 
always restricted by the properties of the 
materials of construction used. 

In its operating principles, the automobile 
engine of today is the same as Dr. Otto’s first 
engines. Without the superior modern mate- 
rials, the modern internal combustion engine 
would still be much the same. Steamships, 
automobiles, airplanes and all other ma- 
chinery similarly demonstrate how improved 
mechanical design had to wait on the metal- 
lurgist to make possible the better product. 


HEN studying the developments of a 

decade or more, one is impressed by 
the fact that the better machine was the re- 
sult of using better material. But this is not 
sO apparent in watching the day-to-day or 
week-to-week developments. One is likely to 
lose sight of the cumulative improvements 
attainable through the use of a more suitable, 
though perhaps more expensive, material. 
And it must be kept in mind that the in- 
creased cost per pound may be more than off- 
set by less material being required, more eco- 
nomical construction, or by the increased sal- 
ability of the product. 

But the best material for a given purpose 
is not necessarily the most expensive. Price 
per pound is not fixed by a formula the va- 
riables of which are physical and chemical 
properties. For military armaments iron is 
more valuable than gold, and thus we return 
to Solon and his philosophical remark. 

Solon’s remark might well be interpreted 
figuratively. Gold is the reward for captur- 
ing the market with a product, and iron is the 
material of which the product is made. “If 
any other come which is made of better ma- 
terials, it will be master of all this market.” 
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BEARING METALS 
for Severe Service—I 


ANY claims have been made for the new types 

or new forms of bearing metals made available 

during the past year or two. Some of these 

claims have not materialized; in some instances expec- 
tations were based on incomplete knowledge of the 
material as a bearing metal. Even today, as the re- 
search engineer of one bearing manufacturer expressed 
it, “the designer, the bearing manufacturer and the oil 
producer are in a three-way controversy in regard to 
the benefits to be derived from the new bearing metals.” 
No one material is best for all bearing applications. 
ach of the new alloys excells in certain properties, 
and thus, like all other materials, each bearing material 


Vv 


y 


has definite limitations that influences the 


design. 
Standard bronzes and babbitts have not been dis- 
placed by the newer bearing metals for “normal” service 


conditions. But, where unit bearing loads, operating 
temperatures, rubbing speeds or pounding loads are 
extremely high, as in airplane and automobile engines, 
in high speed diesels and in rolling mill machinery, 
crushers and centrifugals, the new alloys have distinct 
advantages. In this symposium and the concluding 
installment to appear in the December number, the 
properties and applications of the new bearing metals 
are explained, and some of the design limitations in the 
use of these materials are discussed. 


了 


Bearing Requirements In 


Automobile Engines 


D ARLY developments in the automobile industry 

4 resulted in the elimination of the solid babbitt bear- 
ings and the improvement of the bronze-back babbitt- 
lined type. These answered the requirements for some 
years until the World War brought the development of 
the Liberty motor for aircraft, and then it was soon 
found that changes in design and better bearings were 
needed. From research and investigation undertaken 
under pressure of war needs, bearings were so im- 
proved that they were no longer the limiting factor in 
the satisfactory performance of this engine. 


This period of development contributed two outstand- 
ing improvements in motor bearings. One was the 
centrifugal casting of babbitt in the bronze-backed 
bearings, and the other was the introduction of inter- 
changeable bearings to speed production and servicing 
by eliminating hand fitting. Although developed to 
meet aviation requirements, the automotive industry 
speedily adopted the improvements. The interchange- 
able bearing is still used in all large production motors, 
and until recently nearly all babbitt-lined bearings were 
cast centrifugally. 

The next important change in bearings again came 
through aviation with the development of the air-cooled 
radial engine in which bearing pressures and tempera- 
tures were higher, and periods of service longer. For 
greater rigidity steel was substituted for the bronze 
backs formerly employed. The centrifugally cast bab- 
bitt lining, which had been becoming thinner year by 
year, was further decreased in thickness. Satisfactory 
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V. SKILLMAN 
Detroit Aluminum & Brass Corporation 


bearings of this type were produced, and the need was 
partially met for a time. However, the temperature at 
which babbitt rapidly loses its hardness and strength 
was being exceeded and pressures were increasing. 
Some other bearing material had to be found which 
would function under these new conditions. 


High-lead bronzes which had been used as solid bear- 
ings under all sorts of conditions for many years were 
found to answer the temperature and pressure require- 
ments, but the copper-lead mixtures when stiffened by 
the use of tin produced too hard a bearing. To use a 
solid bearing composed mainly of copper and lead alone, 
was too much like going back to the former solid die 
cast babbitt bearing. In the conventional copper-lead 
bearing, the difficulty was to line the steel back with a 
copper-lead mixture. To consistently manufacture a 
good bearing of this type was not an easy task and the 
cost of production was high. However, this material 
successfully met the demands imposed on bearings by 
the radial aircraft engine. 


During this time conditions in the automotive field 
also were changing. Speed, acceleration, bearing pres- 
sures and temperatures were increasing, and before long 
another field of usefulness for the copper-lead bearing 
was apparent. Numerous improvements have been 
made recently in this bearing for automobile use, and 
now, thin-walled bearings of this type are offered as 
one of the new advances in bearing manufacture. 

While the endeavor was being made to adapt copper- 
lead to new conditions, a number of researches were 
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conducted for the purpose of discovering entirely new 
bearing alloys to fill requirements which the tin-base 
babbitt no longer met. Success was found in changing 
from tin to cadmium as a base. Two such alloys, cad- 
mium-nickel and cadmium-silver, are considered among 
the advanced bearing materials employed in the modern 
motor car. 


The cadmium alloys hardened with from one to three 
per cent of nickel are especially interesting in that they 
can be directly bonded to the steel back of the bearing 
in exactly the same manner as the older tin-base bab- 
bitts. This bond, which is of extreme importance in 
all bearings, has an advantage in the cadmium-nickel 
alloy even over the tin babbitt in that no brittle com- 
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Fig. 1 (Above)—Microstructure at 50 diameters 
of the surface of a copper-lead bearing showing 
copper crystals in a lead matrix. Fig. 2 (Be- 
low)—Cross-section at 50 diameters through the 
wall of a steel-backed copper-lead bearing 


NHERENT advantages of copper-lead bearings for 

heavy duty service were recognized a number of 
vears ago. Their adaptation to use in passenger car, 
truck and bus engines has been a rather long and tedious 
process of developing a metallurgical and production 
echnique that would insure consistent quality, and a 
reasonable cost in large scale quantities. 

Only about 0.3 per cent of lead is soluble in copper 
t room temperatures. Since the lead content of an 
iverage copper-lead bearing material is usually about 


pound is formed at the junction of the bearing metal 
and the steel backing. 


Cadmium-nickel alloys combine lower coefficients of 
friction than the conventional babbitts with greater 
toughness and strength. In appearance they resemble 
babbitt and in manufacture are handled in much the 
same way. 


While the hardness of the cadmium-nickel alloy is 
greater than that of babbitt, the hard constituent of the 
alloy is not too hard for even the softest steel shaft 
ordinarily used. The compressive strength is likewise 
considerably greater, and the cadmium-nickel alloy 
retains a greater percentage of its initial hardness and 
compressive strength at elevated temperatures. 
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Copper-Lead Bearings 


D. E. ANDERSON 
Chief Engineer, Bohn Aluminum and Brass Corporation 


30 per cent, nearly all the lead in such a bearing is 
unalloyed with copper. The freezing point of copper 
is close to 2,000 deg. F., while that of lead is around 
600 deg. F. Obviously, the copper will completely 
solidify on cooling while the lead is still in liquid form. 
With this difference in melting point the copper tends 
to segregate from the lead, giving a bearing which has 
either lead on top and copper below, or vice versa. 


In bonding copper-lead bearings to a steel shell the 
copper itself has to alloy with the steel backing to form 
the bond. In a babbitt-lined bearing the surface of 
the backing material can be tinned at relatively low 
temperatures, but in the copper-lead bearing the steel 
backing must be brought to a high temperature to bond 
with copper. Since steel at such temperatures oxidizes 
readily, the steel backing must be heated in a neutral 
atmosphere to obtain a good bond and special fluxes 
must be used to prevent scaling. 


Internal or grain structure of the copper-lead material 
largely determines whether or not the bearing will be 
satisfactory in use. In the copper-lead material the 
lead serves mainly as a “lubricant” retained in finely 
dispersed form by the harder copper that carries the 
bearing load, as shown in Fig. 1. Therefore, the cop- 
per crystals must extend from the surface to the back- 
ing of the bearing, as in Fig. 2, which shows a vertical 
section through the bearing. 


For satisfactory performance as a bearing the copper- 
lead material must meet five requirements : 


1. The copper crystals on cooling must arrange them- 
selves vertical to the backing material. 

2. The copper particles must be as fine as possible in 
order to disperse the lead in the bearing material. 

3. To obtain a good bond with the steel more than the 
average percentage of copper must solidify at the bond. 

4. To insure good bearing properties there should be 
somewhat more than the average percentage of lead 
at the surface of the bearing. 

5. To prevent excessive localized wear no large 
amounts of segregated lead must appear near the sur- 
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face. The copper must not only carry the load, but 
also retain the lead in the bearing material. 

lo meet these requirements a special method of pour- 
ing and a specialized cooling technique had to be de 
veloped. With this process the proper distribution of 
lead and copper is obtained when the bearing cools 
from the casting temperature. 

Once such a bearing has been produced it will stand 
much higher compressive loads than babbitt, since the 
strong copper crystals extending from surface to back- 
ing prevent displacement of the material under load. 
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Cadmium-Silver-Copper 
Bearing Alloy 


L. C. BLOMSTROM 
Chief Engineer, Federal-Mogul Corporation 


te MEET the requirements for a material with a 
higher melting point and greater fatigue resisting 
qualities than tin-base babbitt, the Federal- Mogul Cor- 
poration undertook an extensive research to develop 
a new bearing alloy. Because of its physical charac- 
teristics, cadmium was selected as the most promising 
of the elements for bearing metal purposes. With a 
melting point well above that of tin, cadmium alloys 
were found to retain considerable strength at tempera- 
tures beyond the reach of the tin-base alloys. 

Relatively small additions of silver greatly improved 
casting qualities of cadmium by making it less sus- 
ceptible to oxidation at casting temperatures. The sil- 
ver content also improved the fluidity, and had a 
marked influence upon the structural and physical char- 
acteristics of cadmium. There is a definite increase in 
hardness with an increase in silver content, but the addi- 
tion of the third element, copper, permitted a reduction 
in silver content without reducing the hardness. 

The microstructure of this alloy is shown in Fig. 1. 
The alloy has a melting point 133 deg. F. higher than 
the tin-base babbitts, as shown in Table I, and has 
higher physical properties at all operating temperatures. 

The cadmium-silver-copper alloy, although harder 
than the tin-base babbitts, will not score the average 
automotive crankshaft of relatively low hardness. 


Fig. 1—Microstruc 
ture of the cadmium- 
silver-copper alloy at 
200 diameters 
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Connecting Rod Bearing 


Connecting Rod Bearing for TruckEngine Rear Main Bearing for Passenger: 





Fig. 2—Typical main and connecting-rod bearings 
faced with cadmium-silver-copper bearing metal 





TABLE I—Temperature Characteristics 
Cadmium-Silver-Copper Alloy and Babbitt 





‘Cadmium-Silver S.A.E. 11 
Copper Alloy Babbitt 
Melting point, deg. F | 598 | 465 
Tensile strength, lb. per sq.in. | 
Room temperature | 18,000 12,500 
400 deg. F... | 4,350 1,500 
Elongation, per cent | 
Room temperature | 50 | 4.5 
400 deg. F...... | 68 | 85 
Brinell hardness | 
Room temperature 40 25 
400 deg. F... | 8 4.5 





Tests in engines operating at 3,500 r.p.m. for 200 hours 
show normal conditions of wear on the journal surface. 
The new cadmium base alloy, however, offers greater 
resistance to “cracking” of the lining as compared with 
tin-base babbitts under similar conditions. 

Friction tests indicate that this alloy has a coefficient 
of friction lower than that of either the tin-base bab- 
bitts or the copper-base alloys. Tests in a special bear- 
ing testing machine show that the cadmium alloy will 
withstand higher loads than the tin-base babbitts. 
Speeds as high as 4,500 r.p.m. have been obtained on 
this machine, with running clearances no greater than 
those commonly used with the usual babbitts. 

The production of steel-backed bearings with the 
cadmium-silver-copper lining presents no unusual man- 
ufacturing difficulties. The alloy can be poured or cast 
centrifugally in the shells in much the same way as 
when using tin-base babbitts. The alloy machines easily 
and does not necessitate any changes in the present 
process of machining lined bearings. 

Outstanding applications for this new alloy are for 
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crankshaft bearings in automotive engines, including 
main journal bearings as well as the crankpin or con 
necting rod bearings, such as those shown in Fig. 2. In 
the floating type bearing requiring bearing metal on 
both the outside and the inside of the steel conven- 
tional tin-base alloys did not show sufficient bearing 
life. The cadmium-base alloy has satisfactory bearing 
life, and in comparison with copper-lead lined shells, 
offers greater protection against scoring of the journals. 

Although the cadmium alloys are susceptible to cor 
rosion from certain types of lubricating oils, thev are 
iffected far less than other new bearing alloys. But 
it is recommended that only high grade mineral oils, or 
oils which have been approved by the oil producer or 
by the engine manufacturer be used. 
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Cadmium- Nickel 
Bearing Alloys 


\. J. PHILLIPS 


American Smelting & Refining Company 


aaea alloys of the cadmium-nickel type have 
for their essential base pure cadmium alloyed with 
1.3 per cent nickel. The alloy is modified by the addi 
tion of such materials as copper, magnesium, silver, and 
even zinc. These alloying additions are used to stiffen 
the metal, and do not modify the alloy structure. In 
general, the stiffening additions are unnecessary. 

Microscopically, the metal resembles to a marked 
degree an ordinary tin-base bearing alloy. The cross 
section has about 15 to 20 per cent by volume of a hard 
cadmium-nickel compound in a matrix of relatively 
soft cadmium-nickel eutectic. Because of this duplex 
structure the bearing alloy as a whole is quite soft, 
probably the softest of all the cadmium bearing alloys. 
This permits the alloy to seat itself properly as a bear- 
ing and to show high resistance to shattering under 
impact. The hard particles which act as a bearing 
surface permit the metal to support high loads with 
little wear. 

Resistance to wear cannot be attributed directly to 
the alloy but rather to the fact that the structure of 
the alloy permits the lubricating oil to function prop- 
erly. It is probable that the duplex type of bearing 
structure permits a partial oil film to be retained be- 
tween the bearing and shaft even upon long standing. 
Chis is explained by the fact that the hard particles of 
the bearing metal in relief prevent complete metal to 
metal contact. 

Tests have shown that the 1.3 per cent nickel mate 
ial has a coefficient of friction slightly less than that 
f the SAE 12 babbitt. Another advantage of the 
admium-nickel alloy lies in the fact that it bonds read- 
ly to the ordinary steels used for bearing backs. The 
ond is somewhat analogous to a weld since the alloy 

es not form intermetallic compounds with steel but 
ets the metal, possibly because of a slight penetrating 
tion by the nickel. This bond is usually as strong 
stronger than the bearing alloy itself. 
Fatigue strength of the cadmium-nickel alloy con- 
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taining 1.3 per cent nickel is about 3,800 Ib. per sq. in. 
(20,000,000 reversals) while that for the ordinary tin 
babbitts is between 2,000 and 2,500 Ib. per sq.in. But, 
as shown in Fig. 1, the most important property of the 
cadmium-nickel bearing is its high melting point, giving 
the cadmium alloys much greater strength at elevated 
temperatures, 

[Initial softening of the cadmium nickel alloy takes 
place at 604 deg. F. while the tin-base babbitt is molten 
at 475 deg. F. This property is of advantage in bear 
ings for the automotive field, such as shown in Fig. 2, 
where operating temperatures are increasing to a point 
where a tin alloy would melt and run out of the bear 
ing. On the other hand, the melting point of the allox 
is not sufficiently high to make it difficult to produce 
good bearings cheaply. 

Cadmium-nickel bearings can be produced by modi 
fying only slightly the equipment used for tin-babbitt 
hearings. In regular production the percentage of 
perfect bearings produced is at least as high and pos 
sibly higher than that obtained in the production of 
regular tin-babbitts. 

Cadmium-nickel bearings have now been in active 
service for more than three years under most difficult 
conditions. The alloy has been applied commercially to 
automobile bearings for more than two years, and it 
now seems certain that the cadmium-nickel bearing has 
won for itself a field of usé where heavy loads and high 
temperatures prohibit the use of regular tin-babbitt 


Contributions describing lead-alkali, nickel bronze, 
graphited and other types of recently developed bearing 
materials will appear in the December number. 


Fig. 1 (Above)—At elevated temperatures, the 
cadmium-base alloys have higher strength than 
tin babbitt. 


bearings used for both connecting rod and main 


Fig. 2 (Below )—Cadmium-nickel 


crankshaft bearings in one low-priced car 
































PRODUCT DEVELOPMENTS 











I ess Detail Improves Appearance model follow the old model closely, 


while improvement in design was 
obtained by the use of rounded 
corners, smooth, flat surfaces, and 
the elimination of detail. The burn- 
ers are inclosed and hid from view 
by a long hinged access door. In 
the two sheet metal sections making 
up the front, vertical beads match- 
ing the hinges are used for a deco- 
rative effect. (Chrome and black 
plastic handles add contrast to the 
white porcelain enamel finish. 

In cleaning up detail, one of the 
greatest improvements was obtained 
by building in the fuel tank. Rais- 
ing a lift-up door at the left of the 
burners brings the container out and 
clear of the stove for easy refilling. 
Further improvement in strength as 
well as appearance resulted from 
carrying the end panels to the floor. 
Four adjustable metal pads under 
corners can be adjusted to allow for 
uneven floors. 

Both the oven and the access door 
handles were designed for greater 
convenience. The oven door is car- 
ried up around the front curve mak- 
ing the handle not only more ac- 
cessible, but giving a better view of 
the inside of the oven and greater 



































Rounded corners, smooth 
surfaces and less detail 
transformed the old model 
Perfection oil stove into a 
sturdy, easily cleaned, con- 
venient range for a rural 
market. Accessibility to 
the oven interior (circle) is 
improved by extending the 
door into the top surface 


@ In the new Perfection oil range designed 
by Wilbur Henry Adams, modern beauty 
and styling is brought to a level equal to 
the appearance of electric and gas ranges. 
Starting with the former model shown to 
the right, the design problem was just how 
far simplicity could be carried in an oil range 
designed primarily for a rural market. Elec- 
tric and gas ranges have been designed to 
meet modern demands of city people, but an 
analysis of the market proved that such de- 
signs would not be suitable for an oil range. 

Shape, size and form selected for the new 
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accessibility to the interior when the 
door is open. When the access door 
is opened the handle, mounted on 
hinges, swings clear of the door. 


® Designing for 
25,000 R.P.M. 


In the design of the new Hand-ee 
grinder shown in Fig. 1, made by 
the Chicago Wheel & Manufactur- 
ing Company, it was necessary to 
eliminate friction losses as far as 
possible in order to reduce the size 
and weight of the motor. High-speed 
precision ball bearings used are 
fully protected and filled with suffi- 
cient lubricant to last the life of the 
bearings. The motor operates at an 
idle speed of 25,000 r.p.m. requiring 
the armature to be statically and 
dynamically balanced to close limits. 

In such small motors, frictional 
loss at the commutator is relatively 
large and directly influences the size 
of the motor. A radial type of 
commutator instead of the usual 
cylindrical type was developed for 
this design, resulting in lower cen- 
trifugal forces as well as reduced 
friction. All of the copper con- 
ducting parts of the commutator are 
stamped in a single piece, and bake- 
lite is molded as an insert into the 












Fig. 2—After the plas- 
tic ts molded into the 
copper stamping, the 
ridges are turned off, 
electrically separating 
the segments 
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Comparison of standard ground finish (left) with the new 
mirror finish (right) now being applied to Timken bearings 


stamping. As shown in Fig. 2, the 
portions of the stampings which 
form segments are tied together 
with a ridge which is turned off 
after the molding operation is com- 
pleted. When this ridge is removed, 
the commutator segments are elec- 
trically insulated and held in place 
by the molded plastic. 

The high operating speed of 
25,000 r.p.m. requires extremely ac- 
curate limits in manufacture and 
balancing. In balancing the rotor, 
so little material is available for re- 
moval that the balancing is per- 
formed by grinding off part of the 
armature lamination. 


Fig. 1—Sealed ball 
bearings, and a radial 
commutator reduce 
friction in the 
Hand-ee grinder, 
making possible the 
small motor size. 
With a bakelite case, 
the grinder weighs 
but 10 ounces 


1935 


® Mirror Finish 

on Timken Bearings 

Long life, quiet operation, mini- 
mum internal friction, and increased 
efficiency of lubrication are some of 
the advantages expected from a mir- 
ror finish now being applied to the 
races of many Timken bearings. 

This improved finish was made 
possible by the use of the Profilo- 
graph, an instrument designed by 
Dr. E. J. Abbott of the University 
of Michigan. By a combination of 
mechanical and optical levers, sur- 
face irregularities in a test piece can 
be magnified so that surface finish 
can be measured quantitatively with 
a high degree of accuracy. 

With this accurate means of meas- 
uring surface finish, combinations of 
grits, wheels, speeds and feeds were 
obtained which, with special grind- 
ing coolants, result in a finish much 
smoother than a ground surface. 


° Welded Bicycle Frames 


Now that the bicycle is coming 
back, lessons learned from the auto- 
mobile industry in reducing cost, im- 
proving appearance and eliminating 
weight are being applied by the 
bicycle manufacturers. In many of 
the new models, expensive castings 
have been discarded in favor of re- 
sistance-welded assemblies, and riv- 
eting and brazing operations are 
being replaced by flash welding. 

Flash-welded joints are being 
used for front forks, frames, head 
assemblies, and back stay bridges at 
the rear axle. In one design the 
chain stay end of the bridge assem- 
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bly is a low cost stamping with pro- 
jections embossed on both sides. 
The stamping is inserted inside the 
flattened tubular members and pro- 
jection welded. 

In a design making use of Thom- 
son-Gibb welding boys 
bicycles are assembled 
from parts that are identical except 
for the head assembly. 


machines, 
and girls 


Even this 
part is the same for both types ex- 
cept for the position of the tee on 
the vertical tube. 


® Bolted Frames for 
Industrial Locomotives 


In the new Brookville Locomo- 
tive, the steel frame is bolted to- 
gether using cast steel end sills and 
structural steel longitudinal sections 
and braces. \lthough a welded 
frame of the same strength would 
weigh 25 per cent less than the 
bolted structure, this weight would 
have to be added in some other part 
of the locomotive in order to obtain 
traction. By placing the weight in 
the frame, the weight is better dis 
tributed. 

Since the locomotive must be de- 
signed for track gages from 18 to 
564 in., the design of the frame 
cannot be standardized as a unit. 
With the bolted construction, how- 
ever, the frame for any track gage 
can be assembled from standard 
longitudinal members made from 
rolled steel sections with special end 





Power is supplied by a standard 
Ford V -8 truck engine and trans 


mission driving all four wheels 
through a chain drive 


sills corresponding to the track gage. 
The construction also gives greater 
flexibility than is obtainable from 
welded construction. In holding 
locomotives to the rails over rough 
and uneven tracks this flexibility 1s 
desirable. 
Industrial 
subject to 
wrecks, derailment and collisions. 
Repairs can be made to damaged 


locomotives are also 
severe abuse such as 


sections of the bolted frame at lower 


As compared with welded construction, the bolted 
frame for the Brookville locomotive is 25 per ceni 


heavier, but the added weight gives better tractio: 


A Aa ee mente 


a 


PRODUCT ENGINEERING + OCTOBER 1935 





costs than would be involved in re- 
pairing a welded frame. 

Power for the locomotive is sup- 
plied by a standard Ford V-8 en- 
gine, with the standard clutch and 
4-speed transmission used for truck 
service. To reduce friction all 
journal boxes are equipped with 
Timken bearings. As shown in the 
view of the chassis, all four wheels 
are driven from the reversing gear 
by a chain drive, using oversized 
roller chains. 


® Plastic Parts for 
Corrosion Resistance 
Flushing valves for marine service 
present a difficult corrosion problem. 
Parts of the valve are continuously 
submerged in sea water, and any 
change in the size and shape of vents 
and passages in the valve mechanism 
affect its operation. To avoid elec 
trolytic action, metal parts in con- 
tact must be of similar composition 
In the new Wilson valve, bakelite 
is used for the piston which contains 
passages and ports controlling the 
variable rate of flow. By-passes are 
arranged so that the direction of 












Stainless steel operating pins and 
molded plastic parts for the pis 
ton in Wilson valves resist cor 
rosion and insulate parts from 
electrolytic action encountered in 


marine service 


flow reverses during the operation, 
keeping the holes washed clear and 
free from sediment. Dimensional! 
changes do not affect the operatior 











of the piston since it is centered 
within the cylinder by double cup 
leather packings that permit large 
clearances. 

In addition to the piston, the tilt 
valve and push pin are also of molded 
plastic. Valve seats in the form of 
flat circular disks are made of rub- 
ber and are held in place in the 
molded piston with bronze 


rings. 


snap 


\Ithough a plastic material would 


© Random Jottings 


Coil springs in the New Haven 
“Comet” in the trucks are made of 
silicon vanadium steel because of its 
high endurance, toughness and tensile 
strength. In new high-speed steam 
locomotives, built for the Baltimore 
& Ohio Railroad, normalized vana- 
dium steel connecting rods are used 
to reduce reciprocating weight. This 
material has a tensile strength of 
97,000 Ib. per sq.in. with a reduction 
of area of 53 per cent. 


Molybdenum steel developed by 
Chrysler for springs is now being 
used for rear axle drive shafts and 
its application to connecting rods is 
being developed. The composition 
in per cent is: Carbon, 0.58 to 0.68 ; 
manganese, 0.65 to 0.95; silicon, 


0.20 to 0.30; molybdenum, 0.15 to 
0.25. 


Constant, uniform pressure es- 
sential for a tight, uniform wrap- 
ping in rubber hose is obtained by 
means of compressed air in a ma- 
chine recently developed by the 
Farrel-Birmingham Company. The 
ur is used to lower the rolls as well 
is to apply pressure, and raises the 
rolls when the operation is com- 
pleted. Counterweights previously 
used have been eliminated. Auto- 
matic electro-pneumatic control of 
the roll operating mechanism is 
nter-connected with the driving 
notor and actuated by a foot 
treadle bar extending the entire 
length of the machine. 


Human errors in weighing and 
ecording fish in a sardine factory 
re eliminated in a Toledo scale 
veighing device having a capacity 
f 90 tons of fish an hour. Sardines 
re fed from a hopper onto the 
ale, the flow being stopped auto- 
aticallv by a photo-electric device 


be desirable for the valve housing, 
this part is in contact with water 
only on the inside. Expansion re- 
sulting from water absorption, 
therefore, is not uniform. In at- 
tempts to use a molded plastic hous- 
ing, stresses introduced by differ- 
ential expansion caused the molded 
housing to warp and crack. The 
piston, however, is completely sub- 
merged and expands uniformly 
without warping. 





Rasping rattles in the old tele- 
graph call box are silenced in the 
New molded plastic 
case and base are smaller, handle 
is larger and colored red 


new design. 


on the scale when 750 Ib. is reached. 
The scale then automatically prints 
the exact weight and the hopper is 
discharged. To resist attack from 
salt air and spray all exposed parts 
are cadmium plated; stainless steel 
pivots and bearings are used in the 
scale mechanism and lever and dial 
housing are sealed air-tight. 


Todd checkwriters are now avail- 
able motorized, giving them an out- 
put of 1,500 checks an hour. After 
the amount is set up on the key- 
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board, an operating key is punched 
and the motor drives a sheet into 
the proper position under the check- 
writer and prints the check. As the 
check is discharged a second sheet 
is moved into position for the next 
amount. 


One manufacturer of molding 
machines seems to have achieved 
perfection, for he states “this ma- 
chine is scientifically designed for 
the highest practical efficiency and 
includes the best possible material 
for each part. It is made by skilled 
mechanics and a strictly inter 
changeable manufacturing basis is 
adhered to.” 


The orange packing plant of the 
Fillmore Citrus Association at Fill 
more, Calif., has walls and ceilings 
of mustard green-yellow and ma- 
chinery and sorting tables in various 
shades of violet. These colors were 
specified by a color technician who 
studied the work to be done, and 
advised that they be used because 
they are complimentary to the 
orange color of the fruit and will 
relieve strain and fatigue in han- 
dling it, increasing the efficiency of 
the operators. 


In sealing electric lamps to bases 
a small stream of molten glass is 
supplied by a glass furnace. Re- 
fractory dies formerly used in the 
orifice of the furnace would erode 
within a few hours, making it neces- 
sary to adjust the temperature in 
the glass furnace or change the com- 
position of the glass itself to obtain 
a uniform stream. After numerous 
tests with high-temperature alloys 
and various refractory compositions, 
an alloy of 90 per cent platinum 
and 10 per cent rhodium was found 
to resist the abrasive action of the 
hot flowing glass. A lining of this 
alloy, 0.030 in. thick, is inserted into 
an Alundum refractory support to 
form the die. 


One machinery manufacturer has 
designed and built his machine of 
castings, but the design of these 
castings “is such that the finished 
product has very much the appear- 
ance of welded construction. In 
view of the fact that a change to 
welded construction is contemplated 
in the future, the castings were de- 
signed so that the change in method 
of construction can be made at a 
later date if it is found desirable, 
without radically altering the appear- 
ance of the machine 
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ELECTION of suitable gear materials has always 

been a complex problem because of the severe 

service conditions under which these parts must 
operate. They must be hard enough to resist a peculiar 
type of rolling and sliding friction, strong enough to 
guard against the stresses imposed, and tough enough 
to withstand the shocks and pulsations which are fre- 
quently encountered. The question is further compli- 
cated by the necessarily irregular shape which intro- 
duces stress concentration factors, often impossible to 
estimate. Thus, while it is frequently possible to effect 
decided improvements through judicious changes of 
design relative to mere accurate bearings, increased 
stiffness and more uniform load distribution along the 
teeth, yet the modern trend toward increased speed and 
power, together with the requirements of greater relia- 
bility and longer life, dictate the use of higher grade 


Nickel- Alloy Gear Materials 
and Their Heat-lreatments 


J. W. SANDS and F. J. WALLS 


Development and Research Department 
The International Nickel Company, Inc. 


By the addition of nickel to cast iron, steel or bronze, 
the material is better able to resist the complex 


strains, stresses and shocks inherent in gear drives 


materials. The addition of nickel, either alone or in 
combination with other elements, is frequently effective 
whether the base be steel, cast iron or bronze. 


Gears Made of Steel 


Nickel alloy steel gears in both the cast and forged 
types, are widely used in the automotive, aircraft, trac- 
tor, bus and marine fields, in machine tools, excavating 
and agricultural machinery, and in the railroad, mining 


Table I—Direct Hardening Nickel-Alloy 
Gear Steels 

















S.A.E. No. | 2350| 3150 | 3250| 3450| 4345| 4640 
— — 0.50 | 0.50 | 0.50 | 0.50 | 0.45| 0.40 
Nickel..... ac PoR 1.25 1.75 3.00 1.75 1.80 
Chromium........... 一 -一 0.60 1.10 0.75 | 0.75 | — 
Molybdenum. ........| 一 -| — | 一 -| ——| 0.20] 0.25 
Quench Temp. deg. F.| 1,425 1,450 1,450 1,425 | 1,500 | 1,500 
Tensile Strength in | | 

thousand lb. per sq.| | 

— ss 250 270 265 | 285| 265 
Yield Point, in thous-| | | | 

and Ib. persq.in.... 238 228 230 240 | 245 230 
Elongation, per cent. . .| 9 7 8 | 11 | IE 10 
Reduct. Area, per cent| 33 25 32 | 42 35 | 37 
Gear Sise.......... M Kimari 2i Li] M 
Service..... — H oO H H H | o 








S = small 


H = heavy duty 
M = meaium 


L = large 
O = moderate service 





and other industries employing high speed or heavy 
duty machinery. Except for certain large gears, 
such as turbine gears, which are often used in the 
normalized condition, forged gears are usually 
made of either the direct oil-hardening or of the 
case-hardening type steel, depending partly on the 
service and partly on personal preference. Direct- 
hardened gears are less expensive, because of the 
simplified heat-treatment and possess a higher tooth 
strength but have lower unit resistance to pitting and 
less resistance to shock than case-hardened gears. 
The most commonly used direct-hardening 
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gear-steels of nickel-alloy are listed in Table I. 
Some of these steels, notably S.A.E. 4640 and 
3150, are especially well suited for cyaniding to 
provide skins of high hardness and improved wear 
ordinarily 
quenched and tempered at 400 to 500 deg. F., 
These 
steels are relatively insensitive to overheating, and 
as they are hardened in a mild coolant from rela- 
tively low temperatures, excessive distortion and 


All 


resistance. the steels are 


with Brinell hardness values of 514 to 578. 


scaling are avoided. 


Of the steels in Table I, for the best combina- 
tion of strength and toughness, S.A.E. 2450 is 
recommended for applications requiring a high 
quality gear of small or medium section as in 
automobile, bus and tractor transmission gears. 
S.A.E. 3150 is valuable when a definite improve- 
ment over carbon steel is required at low cost, as 
in machine-tool gears of moderate section. S.A.E. 
3250 and 3450 should be specified when the sec- 
tion is such that a higher degree of depth harden- 
ing is required as for gears of heavy section, or 
for moderate-sized gears requiring better proper- 


S.A.E. 


ties than those obtained with S.A.E. 3150. 


Table II—Case-Hardening Nickel-Alloy Gear-Steels 


S.A.E. No. | 2315) 2515 | 3115 
Carbon. ead 0.15 0.15 | 0.15 
r RE E EET 3.50) 5.00 | 1.25 
O O O O O — . 60 
Molybdenum. ARRERA — - -一 — 
J dace nh M M. & L M| 
Service... — — E — H | H | O | 

M = medium L = large H = heavy duty 


oil 


4615 4815 Krupp 
0.15 | 0.15 0.12 
1.80 | 3.50 | 4.10 
— — | 1.4 
0.23 | o.25 | — 
M M&ELIMEL 
o H H 


O = moderate service 





Table II1I-—Different Treatments Subsequent to Carburi- 
zation and the Case and Core Characteristics Obtained 





Carburizing temperature 





lemperature —» 


一 


Carbon Content 


Treatment Case 


A 
(Best adapted to fine | Refined; excess carbide not dissolved. 
grained steels) 


B | 
Best adapted to fine- | Slightly coarsened; some solution of 
grained steels) | excess carbide 


C Somewhat coarsened; solution of excess 


carbide favored; austenite retention 
promoted in highly alloyed steels 


Best adapted to fine- 
grai. ed steels) 





Refined; solution of excess carbide 
favored; austenite retention mini- 
mized 


D 
Best treatment for 
coarse-grained steels) | 








* 


(Adapted to fine- 
grained steels only) 


austenite retained; distortion mini- 


Unrefined with excess carbide dissolved; 
| mized; file proof when carbon is high 


| 
| 





Core 


Unrefined; soft and machin- 
able 


Partially refined; stronger 
and tougher than (A) 
Refined; maximum core 
strength and hardness 
Better combination of 
strength and ductility 
than (B) 





Refined; soft and machin- 
able; maximum toughness 
and resistance to impact 


Unrefined but hardened 
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3450 is particularly adapted to gears for 
high grade machine tools. 

S.A.E. 4345 steel has excellent depth 
hardening properties, but is somewhat diffi 
cult to handle in preliminary operations 
and during heat-treatment because of its 


air hardening tendencies. S.A.E. 4640 is 
steadily becoming popular because of its 
good combination of strength and tough- 
ness and excellent machining characteris- 
Unless the gear is cyanide treated to 
impart added surface hardness it is cus- 
tomary to increase the carbon content to 
approximately 0.50 per cent. 


tics. 


Nickel alloy carburizing steels, used ex- 
tensively for gears, combine dependability, 
uniformity, low-hardening temperatures 
and response to mild quenching. Such 
qualities show a reduction in warping, 
scaling, distortion and internal stress, resis- 
tance to grain growth and embrittlement, 
and superior mechanical properties of both 
case and core. The steels shown in Table 
II are most generally used. 

Heat-treatments vary, as shown in Table 
III, according to the characteristics desired 
of the steel and the type of service. The 
left-hand portion of the chart is the usual 
iron-carbon equilibrium diagram from 
which are determined the quenching tem- 
peratures necessary to refine the case and 
core. These critical temperatures are also 
affected appreciably by the alloy content. 

In the right-hand portion of the diagram 
in Table III a slanting downward line rep- 
resents a slow cool, while a perpendicular 


T able IV —A pproximate Core Properties of Case Hardened abuse and in aircratt where considerations 
Carbon and Nickel Alloy Steels of safety dictate the use of the very best 

—— 一 materials. Where requirements are not so 

Treatment after | Core Properties severe, S.A.E. 2315 steel serves admirably. 

nn - — — S.A.E. 4615 is popular for automotive 


|- — Yield Tensile | Elon Red Izod — — di 1 sao mane em 
| Type |Heat, Point, | Strength, jin 2in Area, |Brinell) Im- sears, because file hard cases from oil 
(Table| Deg.| Quench, | ib, per | Ib. per'| per | per’ | Hard-| pact quenching with core strengths almost as 
| HD F. in aq. in. 8q. in. cent | cent ness | ft. lb a © r k 了 > — 
| 一 一 — — 一 | 一 一 一 . high as those for S.A.E. 2315 can be ob 
2315 1435| 1305 \ | 1375) Oil 57,000 90,000 32 60 190 75 
A 1375| Water 60,000 95,000 28 55 200 | 60 





B | 1425] Oil 85,000 21 51 225 55 
1425| Water 95,000 Y 17 45 290 | 40 


In the charts below are shown the modif 
1475] Oil 135,000 11 47 345 | 35 i É i — 
1475| Water 150,000 9 45 390 | 30 cation im properties of bronzes containing 
O 1 11.1 per cent tin, 0.03 per cent phosphorus, 

+4 pie 60,000 65 | 195| 85 "ET ng P P 
nickel as indicated and the balance cop- 


1525) Oil . 
per, a type frequently used for gears 





1375| Water 65,000 100,000 60 210 | 70 


, | 


2515 | 1400) 1285} 1350) Oil 65,000 105,000 60 210 65 
| | A | 1350| Water | 70,000! 115,000 55 | 230 | 50 


1400| Oil 110,000 | 140,000 55 260 | 45 
1400| Water |11 150,000 52 290 | 35 








1460| Oil ， 195,000 50 385 30 
1460| Water 200,000 50 390 | 


Oil i 
1350 Oil ’ 1 10,000 65 220 75 
Oil | 
1350 Water Í 120,000 60 230 
O | | 
二 on 115,000 145,000 | 60 | 270 


( 
1400 Water | | 120,000 | 155,000 55 | 295 | 





3115 | 1460| 1355 1400| Water 85,000 | 130, | 45 | 260 
| 1400| Oil 80,000 í | 48 250 | 


1475| Water 155,000 t | 30 360 
1475) Oil 125,000 y 13 43 335 | 


| 1550) O11 | | 85,000 | 125,000 55 | 255 





4615 | 1515| 1340| 1425| Oil 70,000 | 105,000 | 55 
| | 1425| Water 80,000 | 115,000 | | 50 








| ~ | 1525| Oil | 105,000 | 145,000 52 
` | 1525| Water | 110,000 | 150,000 | | 


1425 Oil 75,000 | 110,000 57 


1550} Oil ' e à 
1425| Water | | 85,000 120,000 52 





4815 | 1435) 1305 / 1460} Oil 165,000 | 200,000 54 


Krupp 


steel”| 1430| 1320| A-B} 1400] Oil 165,000 | 195,000 











1525) Oil 
1400) Oil 


一 -一 


170,000 | 200,000 


downward line represents a liquid quench. Treatment 
B, for example, is a box cool from the carburizing 
temperature, followed by a liquid quench after a re- 
heating to a temperature somewhat below the critical 
range of the core. The core will thus be only partially 
refined, while the case will be completely refined, 
although slightly coarsened because the quenching tem- 
perature is considerably above the optimum for the 
case. Treatment D in this notation is a double quench 
designed to refine both the core and the case in turn. 
Treatment FE is a direct quench from the carburizing 
box, and is suitable for S.A.E. 4015 steel. 


Cent Nickel! 


tained. Frequently the higher carbon grade S.A.E. 4620 
is used to secure an appreciable increase in core 
strength. S.A.E. 3115 is a low-cost steel of excellent 
properties widely used for differential gears, truck and 
In Table IV are shown suitable quenching tempera- tractor transmission gears and machine-tool gears. 
tures for applying the various treatments to the steels When made under carefully controlled conditions, ex- 
under consideration as well as representative core cellent gear properties can be obtained at moderate cost. 
properties resulting therefrom. This steel also is often used in its higher carbon modi 
Of the steels shown in Tables II and IV, probably fication as S.A.E. 3120 steel. 
the ultimate in resistance to fatigue and wear is devel Cast nickel alloy steels are used in all sizes from the 
oped in the S.A.E. 2515, S.A.E. 4815 and “Krupp” smallest to the largest gears, the latter not being readily 
steels. These steels are used for heavy truck and bus manufactured from wrought steel. Usually such gears 


gears which are subject to continuous heavy duty and are given a simple heat-treatment such as normalize 
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ind draw, but frequently are hardened by liquid quench- 
ng when service conditions are severe. In Table V 
ire given the chemical composition of cast gear steels. 


Heat-Treated Cast-Iron Gears 


1 
| 


Most cast-iron gears are finished from metal in tl 
‘as-cast”’ condition. In some instances the only heat 
treatment used is one to relieve casting stresses and is 
usually accomplished by heating the gear slowly to 
thout 1,000 deg. F., where it is held one hour for each 
inch of cross section and then allowed to cool slowly. 


ic 


When heat-treatment is applicable, and improved 
wear with higher strengths are desired, gears of simple 
shape, section and contour can be oil quenched from 
1,550-1,600 deg. F. and drawn to 700-1,000 deg. F. 
lhe tensile strength is usually increased by 20 to 30 per 
cent and the hardness approximately doubled, depend- 
ing on drawing temperature and composition. Table 
VI shows the chemical and physical properties of alloy 
cast iron used for gears. 

For special applications, such as pump gears used in 
handling corrosive liquids in the paper, petroleum and 
chemical industries, the austenitic cast iron, as shown 
in the last column of Table VI, has been adopted quite 
generally. 

In justifying the use of a specific composition, it 
inay be said generally that where gears are subjected to 
impact loading, the plain nickel and nickel-molybdenum 
high test type irons have proved most satisfactory and 
where constant loading and resistance to wear are pri 
mary factors, the nickel-chromium is best. 


Bronze Alloy Gears 


In the manufacture of bronze gears, small additions 
of nickel varying from 4 to 3 per cent have been found 
of value both for improving the mechanical properties 
and in reducing casting difficulties. Nickel acts as a com- 

































bined strengthening and toughening agent frequently) 
V as well. Its effects 
on the casting properties are varied. Although nickel 
slightly increases the melting point and might be ex 


pected to diminish the ease of filling all parts of the mold, 


leading to an increase in ductilit 


the reverse is actually so, with the result that casting 
temperatures may be appreciably lowered while at the 
same time increasing the fluidity of the metal. This 
effect is distinct in the presence of as little as 0.50 per 
cent of nickel. Nickel also imparts grain refinement, 
increased density and improved fracture. 

Consequently many gear manufacturers have found 
it advisable to add 1 or 2 per cent of nickel to take ad 
vantage of the benefits thus obtainable. An indication of 


Table V—Compositions for Cast Steel Gears 


ee l 2 3 a 5 6 7 

Carbon........ 0.25 0.35 0.35 0.35 0.42 0.30 0.42 
Manganese. . 0.85 0.75 0.75 0.75 0.70 0.70 0.70 
Nickel. ; 2.00 1.50 1.50 1.75 1.50 2.00 2.50 
Chromium 0.75 0.75 0.75 0.75 0.90 
Molybdenum. 一- 一 0.25 0.30 一 一 - 0.20 - 
Heat Treatment.|N&D|N&D|N&D|N&ED| Q&T) Q&T |QkT 
Section........ | L S&M:iS&M | M&LiS & M iS, M, LIM&I 
Service....... -| A | O | O | B {| B | B B 








\ = gears not subject to severe abrasion 
B = highly stressed gears 
O = moderate service 


N & D = normalized and drawn 
Q & T = quenched and tempered 
L= large M =medium S=small 





Table VI—Composition and Physical Properties 
of Cast Iron Gears 


| 





| | 
Service | amn — | — | Diesel Heavy | Corro- 
rears | chinery| chinery Engine| Duty | sion 
Nickel..... —* 1.00 1.25 2.00 1.50 2.00 14.00 
Chromium....... 0.30 -一 0.30 0.50 - 2.00 
Molybdenum... j - - - 0.60 0.65 
Total carbon. .... j | 3.40 3.30 3.00 3.00 3.00 2.90 
Silicon........ ; | 2.20] 1.50] 1.00] 2.00] 1.50] 1.50 
Manganese... . | 0.70 | 0.55} 0.80] 0.70] 0.80 | 1.00 
《as - | 6.00 
Tensile strength in thous-| | | 
and lb. persq.in...... 30 38 42 48 50 | 25 
Brinell Hardness, as-cast..| 200 | 200| 22| 220| 230) 180 


Coo Cr — —ñ —ñ —ñ —ñ — — — — — — — — 


the magnitude of some of these etfects on 
the commonly used 89-11 gear material is 
given in the accompanying curves. 

The curves shown are for bronzes con 
taining 11.1 per cent tin, 0.03 per cent phos- 
phorus, nickel as indicated on the charts, 
and the balance copper. These cover types 
of bronzes frequently used in the manu- 
facture of gears. A nickel content of 1.00 
per cent increases the proportional limit 
more than 20 per cent and compressive re- 
sistance 10 per cent. Tensile strength, yield 
point and Brinell hardness are increased 
similarly. Beyond 1.00 per cent nickel, 
elongation remains about the same 


EDITORS Note—<Aldditional data on 
properties and applications of gear materials 
and their heat-treatment will appear im 
forthcoming numbers of Product Engineer 

ing. 
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Resistance Welding 
And the Metal Vacuum Tube 


EK TAL-ENVELOPE vacuum tubes have many 

desirable properties, such as ruggedness, com- 

pactness, ideal shielding, freedom from tube 
noise, and ease of fabrication. Also, a small size of 
tube is possible because metal has better heat conduc- 
tivity than glass, and because the metal parts may be 
held to close tolerances. This reduction in size would 
not result in any sacrifice in performance as the internal 
parts could be full size. 

But a practical metal-tube design suitable for high- 
speed production, such as those shown in Fig. 1, was 
not possible until two recent developments had been 
accomplished. First, it required an alloy with expan- 
sion characteristics substantially the same as those of 
glass, in order to make strain-free seals where the 
conducting leads entered the tube. Secondly, the metal 
tube had to await the development of high-speed con- 
trol of resistance-welding apparatus, by means of 
Thyratron and other electron tubes, to make possible 
dependable welds at high-production speed. 

Given a glass and metal with expansion coefficients 
which match, the engineer could readily design a suit- 
able stem or header for a metal tube. Securing this 
header to the envelope or shell, however, required 
different equipment from that which the vacuum-tube 
and lamp industries use for sealing the stem to the 
bulbs. Arc, acetylene, and atomic-hydrogen welding, 
as well as various other forms of welding, brazing and 
soldering, are generally unsuitable for this purpose be- 
cause of the resulting porosity of the joint, the dam- 
age to internal tube parts from the heat of welding, 
or inability of the process to be adapted to production 
requirements. Resistance welding was the only sat- 
isfactory method that could produce welds possessing 
the required characteristics, and the development of 
seam welders controlled by electronic tubes solved the 
problem. 

Thyratron-tube control is used to limit the duration 
of current for each weld to a small fraction of a second 
and to assure consistency of welds. If the weld was 
made with a current flowing for as long as one-fourth 
of a second, the current would pass from one electrode 
to the other through the wall of the tube instead of 
through the joint to be welded. This would result in 
inconsistent welds and excessive heat and oxidation 
of the tube parts—a possibility obviated by accurate 
timing obtained from electronic control equipment. 

In tubes greater than two inches in diameter, heads 
are seam-welded to the shells by conventional methods. 
However, on smaller tubes, such as those for radio 
receivers, seam welding becomes cumbersome because 
of the small size of welding mandrels required, diffi- 
culties in chucking and alignment, and the low volume 


R. J. BONDLEY 


General Electric Company 





Fig. 1 (Above)—Metal vacuum tubes were 
not commercially possible until the high- 
speed control of resistance welding machines 
had been developed. Fig. 2 (Below)—Bulbs 
and mounts of two pentode radio tubes; to 
the left is shown the typical glass-type tube, 
and to the right its metal counterpart 


of output attainable. This dictated a design of tube 
using a hollow spot or annular projection weld. 

In Fig. 2 are shown the bulbs and mounts of tw: 
pentode radio tubes—one a typical glass-type tube an: 
the other its metal counterpart. In the glass construc 
tion, the metal structure supported by glass is mechan 
ically weak. The stem “pinch” carries not only th 
leads which are connected to the tube elements, but als: 
the studs used to give additional support for the tub 
structure. The metal-tube stem supports its moun 
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lirectly by rods welded to the inner surface of the 
bead ; the seals contain only the lead connections to the 
various elements. 


In the manufacture of the glass tube, the bulb is 
sealed to its stem by rotating the bulb and stem in a 
lame. Upon cooling, the glass shrinks onto the flange 
m the stem and thereby seals it, while the excess mate- 
rial below the flange is heated until it parts and drops 
iway. The whole sealing-in process requires from one 
to two minutes. The tube is then evacuated through 
the glass tubing in the stem. After being exhausted, 
the tube is sealed off by heating the exhaust tubing until 
t collapses and fuses together. 

In contrast, the metal container for the metal tube is 
welded to the header with a single application of cur- 
rent. A small embossing or ring is pressed or extruded 
near the periphery of the header where the weld is to 
be made. Fig. 3 is a cross-section of a shell and header 
placed in the electrode ready for welding. The header 
is centered by the locating nest. 

When the upper electrode descends, the header is 
held against the flange on the shell with a definite re- 
silient pressure. A current passing through the elec- 
trodes heats the embossed ring as well as the surface 
upon which it rests to a fusion temperature. Since the 
upper electrode is held down with either spring or 
pneumatic pressure, the instant the metals become plas- 
tic, they are forged together, completing the weld. 
Duration of the flow of current, accurately controlled 
by the electronic timer, is from 0.02 to 0.05 sec., de- 




















Embo SSING 


; 
$, 


Enlarged Section 
of A 


— — — 


Locating 
fear °° 


Fig. 3—Shell and header placed in 
the electrodes ready for welding. 
Only the projecting embossing 1s 
heated by the current, duration of 
which is electronically controlled 


Fig. 4—Single-impulse projection 
welds are used extensively in weld- 
ing seals to the headers of large 
tubes such as this one 


pending upon the thickness of the material being 
welded. Only the projection is heated, the amount of 
heat being so small that the tubes can be immediately 
lifted from the electrodes and handled with bare hands. 

Sealing-off the tubes after exhaust is a process 
unique to metal tubes. The exhaust tubing is flanged 
and welded to an embossing on the head or shell. 
After the tube is exhausted the stem is pinched flat 
and welded tight with portable welding tongs, power 
being supplied by a suitable transformer. On exhaust 
tubing up to 0.200 in. in diameter manually operated 
tongs can be used. On larger sizes mechanically oper- 
ated arms are required to collapse the tubing and to 
furnish the necessary push-up as the tubing becomes 
plastic under the welding points. 

In manufacturing the tubes illustrated in Fig. 1, the 
shells are drawn from sheet steel and are welded to 
the heads after the seals have been made and the mount 
has been completely assembled. A current of 50,000 to 
60,000 amp. is required to make the weld. 

Single-impulse projection welds are used extensively 
in welding seals to the headers of large tubes, such as 
the one shown in Fig. 4. Brazing is not desirable, as 
the mercury which is used in certain tubes may dis- 
solve the brazing material and destroy the union. Com- 
plete assembly by resistance welding is essential. The 
seal is assembled as a unit, and welded after the glass 
work has been finished. This is an important economic 
factor in tubes of a limited production; standard seals 
can be stocked and welded to headers for the many 
different tube types. 

Maximum possible size of projection weld is limited 
only by the welding machine and the practical maxi- 
mum for the capacity of the power supply. For diam- 
eters greater than 2 in., seam welding is generally used, 
although the exact transition point from projection to 
seam welding must be determined by the economics of 
the particular case. 

The design of welding machines for this class of 
service is of importance in obtaining consistent welds. 
The motion of the top electrode must not hammer and 
mushroom on the down stroke. Since high peak cur- 
rents are required the reactance of the electrical system 
must be low. The transformer is mounted close to the 
electrodes and the loop formed by the welding arms 
is kept small. 
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Unbalanced Pull 


in Electrical 
Machines 


B. A. ROSE 
Power Engineering Department 
Westinghouse Electric & Mfg. Company 


OR designers who buy “engine-type” or shaftless 

motors and mount them on the shafts of their own 
equipment, maximum allowable shaft flexibility as well 
as deflection, shear or bending stresses determine the 
shaft size. Permissible shaft flexibility is limited by 
the unbalanced magnetic pull caused by the radial dis- 
placement of the rotor in the bore of the stator. 

Stator bores and rotor surfaces cannot be made per- 
fectly true, and a small initial inaccuracy or displace- 
ment results in an unbalanced pull that deflects the 
motor shaft. This deflection results in an additional 
pull which causes still more deflection. The deflection 
increases until the shaft reaction at some deflection d 
equals the magnetic pull at that displacement. The 
resulting unbalanced pull is therefore a function of the 
initial displacement. In terms of initial displacement 
g in the air gap G, the rotor diameter D and length L, 
all expressed in inches, and with a given flux density B 
on the pole faces, the unbalanced pull P is: 

CDLB? 


P = x = K, —— 
Ġ 1 G)?}3 2 (1 (g 


(1) 


lf the maximum flux density is used in the equation 
above, assuming the flux to vary according to a sine 
wave, the constant C becomes 22x10". This value is 
sufficiently accurate for use on induction motors. For 
salient pole motors the field form resembles a trapezoid. 
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G, width of air gap 
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The constant C is determined from the ratio of maxi 
mum fundamental to actual maximum of field form. 
An average value of 26x10° is satisfactory for salient 
pole motors. 

The deflection at which the magnetic pull equals the 
shaft reaction is found by equating the shaft reaction 
K X d in lb. per in. deflection with the magnetic pull 
as follows: 


The solution of this relation for d gives the deflection 
for one set of conditions. Of more interest, however, 
is the relation between d/g, final shaft deflection divided 
by initial eccentricity, and K/K,, the stiffness of the 
shaft divided by the magnetic constant of the design. 
The accompanying curves show d/g evaluated as a 
function of K/K, for various initial displacements g. 
With a value of 0.10 for the ratio g/G, the deflection is 
infinitely large for any value of K/K;, less than 1.72. 
[f the air gap is centered with the ratio g/G equal to 
0.05, the deflection is stable when K/K;, is as small as 
1.38. The curve for g/G = 0 illustrates the condition 
approached as a limit when the gap is set with no eccen 
tricity. 

Unequal air gaps are the cause of vibration and ex 
cessive bearing temperatures. A small eccentricity of 
the rotor surface combined with an irregularity of the 
stator bore will produce an unbalanced pull varying in 
intensity. This unbalanced pull may be greater than 
the rotor weight, producing large deflections in the 
motor frame and bearing pedestals. 


Vibration in higher speed machines may be caused by 
a decrease in critical speed as the result of the magnetic 
pull. In working directly against the shaft reaction the 
magnetic pull is in effect a negative spring constant that 
affects the critical speed. 

Bearing temperatures also may be affected by the 
unbalanced pull which may exceed the rotor weight by 
as much as 100 per cent. Even though the bearings are 
liberally designed, unless they are self-aligning the load 
being non-uniform may cause overheating. 

Limiting values for K/K, are 
difficult to establish because of the 
inaccuracies accompanying any 
calculation of this type. The cal- 
culation of K, is difficult because 
of the neglect of saturation and 
the effect of damping currents. A 
conservative design would use a 
value for K/K, greater than 3. If 
a value as low as 1.5 is necessary, 
every precaution should be taken 
to obtain an accurate air gap, and 
the effect of magnetic pull on th 
critical speed determined. 


Effect of shaft stiffness and un- 
equal air gap on the unbalanced 
magnetic radial pull in electric 
motors of the shaftless type 
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teel Castings in Welded 


tructures 


CLARENCE TOLAN, Jr. 
Dodge Steel Company 





Fig. 1—Winton diesel engine crankcase with cam pockets of 
electric furnace cast steel electrically welded to steel plate 


ROGRESS made during the past few years in 

the art of welding has resulted in the fabrication 

of many units by that method. As with many new 
developments, the limitations of welded structures were 
not fully appreciated and extravagant claims were made 
forecasting the substitution of welded structures for 
a large number of parts formerly made of cast steel 
or iron. But the loss to the casting industry has not 
materialized to any appreciable extent. The fabrica- 
tion of welded structures has opened a new field for 
steel castings by virtue of the welding qualities of cast 
steel. Cooperation between welding engineers and 
foundry engineers has resulted in designing many parts 
to be made by welding steel castings to plate or struc- 
tural shapes. 

Since the cost of a finished job produced by welding 
increases directly with the number of separate pieces 
nvolved and the number of inches of welding required 
to join the pieces together, a steel casting can often 
be substituted for intricate welded shapes which would 
require many pieces and considerable welding. 

Foundries can produce parts that are of a design 
nore intricate than can be produced by other methods. 
By using steel castings for the parts that have intricate 
shapes and by taking advantage of the welding qualities 
f cast steel, economies can be effected and the finished 
ticle improved in appearance, strength and utility. 
Often the weight as compared to all-welded units can 
e reduced without sacrificing strength and rigidity. 


Design necessarily requires a knowledge of the 


strength of the material employed. While the strength 
in the casting material is related to a combination ot 
composition and heat-treatment, the founder must take 
all possible precautions to insure a design that will 
lend itself to casting without creating defects or points 
of stress concentration which would impair the strength 
of the casting. 

In the accompanying illustrations are shown some 
applications of castings to welded structures. Fig. | 
shows a crankcase for diesel oil engines manufactured 
by the Winton Engine Corporation. The cam pockets 
are made of electric furnace cast steel and are electri 
cally welded to steel plate. In Fig. 2 is shown one of 
the series of steel castings used in these crank cases. 
In Fig. 3 is shown a bed plate with cast steel bearing 
supports welded to steel plate. In Fig. 4 is shown a 
charging box, the ends of which are steel castings. 

One of the primary requirements for steel castings 
to be used for welded structures is the chemical com- 
position. The suggested range of chemical composition 
in straight carbon steel for castings to be used as in 
tegral units in a welded structure, is as follows: 


Carbon — M S per cent 
Manganese — iNT to 0.80 per cent 
Silicon . ; ..-0.25 to 0.40 per cent 
Phosphorus — ...- 0.06 max 


Experience has shown that castings of this com 
position can be successfully welded to steel shapes and 
plates. The rolled steel used is generally of lower 
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carbon, manganese and silicon content 
than that specified for cast steel, but as a 
result of mechanical refinement of grain 
size the rolled steel has somewhat higher 
physical properties than a cast structure 
of identical chemical composition after 
being subjected to the effects of the weld- 
ing operation. 


Heat-Treatment 


In all welded constructions the grain 
structure of both the cast and the rolled 
steel adjacent to the weld is changed, as 
a result of local heating to or through the 
critical range, followed by rapid cooling. 
This results in a marked modification of 
the physical properties of the metal. A 
local heat-treatment of the welded area 
is reported by competent authority to be 
of dubious value. The approved practice 
is to subject the completed fabrication to 
a suitable heat-treatment. The heat-treat- 
ment may be a draw at 1,200 to 1,250 deg. 
F. to relieve strains and partially correct 
the metallurgical structure; a full an- 
nealing at 1,600 to 1,650 deg. F.; or a 
straight normalizing from a similar tem- 
perature. A more complete treatment con- 
sists of normalizing and drawing. The 
nature of the heat-treatment is dependent 
on the shape, size and duty required of 
the structure. The higher temperature 
heat-treatments have the disadvantage of 
liability to scale formation. Many light 
weight, light section structures fabricated 
by welding will not stand the higher tem 
peratures, 

Castings which are destined to become 
parts of welded structures customarily re- 
ceive a heat-treatment before delivery to 
the welder but it is an advantage to the 
founder to know what final heat-treat- 
ment is intended by the fabricator. 


Physical Properties 


Limits of chemical composition pre- 
scribed for plain carbon steel castings, in 
relation to the available heat-treatment, 
indicate physical properties of the castings 


as being : Fig. 


Yield Point 30,000 to 45,000 Ib. per sq. in. 
rensile Strength ..60,000 to 75,000 Ib. per sq.in 
per cent to 22 per cent 
per cent to 30 per cent 
to 160 wigs 


Elongation in 2 in..35 
Reduction of Area.55 
Brinell Hardness .115 
\lloy steels are used in some light 
welded designs, but the practice for heavy 
structures and for structures subjected to high stresses 
is to use plain carbon steels of the types indicated. An 
internal crack in the region of the weld, resulting from 
an excessive carbon content, is tremendously more 
damaging than a slight recession of physical properties. 
In the steel castings industry experiments are being 
conducted with the object of producing compositions 


One of the steel castings used in the Winton diesel en- 
gine crankcase. Fig. 3—Engine bed plate wherein the cast steel 
bearing pedestals are welded to steel plate. Fig. 4—Because of 
their intricate shape, the ends of this charging box are steel cast- 
and are welded to the steel plate sides and bottom 


which will give increased strength without impairing 
the true weldability of the metal. These comprise the 
use of alloying elements which are not readily oxidized, 
but there is obviously a limit which may not be ex- 
ceeded because the hardenable alloys are not considered 
weldable by the makers of widely accepted welded 
structures. 
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W hich Alloy for Die-Castings? 


HERBERT CHASE 


Through his numerous contacts with the die-casting in- 
dustry, Mr. Chase speaks with a first-hand knowledge 
about the state of the art and the latest developments. His 
book ‘‘Die-Castings” has given him recognition as being 


well versed in the various ramifications of this subject 





IX base metals are employed today in producing 
die-castings. The alloys in each of the six basic 
groups have many similarities, but each alloy has 
certain properties more or less exclusive to itself. 
Tonnage of castings in zinc alloys approximates 
about three times that of the other five types of alloys 
combined. Zinc alloys are not only the least expensive 
but they also possess many excellent physical proper- 
ties, are easy to cast and the dies required are relatively 
inexpensive in both first cost and upkeep. Zinc die 
castings are among the toughest of the commoner cast 


















(Above) A group of aluminum die-castings, 
except the tappet guide in the center fore- 
ground which is magnesium alloy. (Right) 
Two sinc die-castings, indicative of the size 
and complexity to which such castings can 
be produced 


metals. Compared with other die-casting alloys, zinc 
alloys are second only to the copper alloys in tensile 
strength, impact strength, elongation and hardness, and 
are much less expensive than the copper alloys. In 
addition, zinc alloy die-castings can be produced with 
an exceptionally smooth surface finish which can be 
buffed ready for plating, sometimes without grinding 
or polishing. 

When produced, as they commonly are, to the recog 
nized A.S.T.M. specifications, the zinc alloys are free 
from the intergranular corrosion which was once a 
disadvantage. They are, however, subject 
to slight dimensional changes and to some 
change in physical properties with aging, 
but this is rarely of any significance. Use 
in contact with steam or in temperatures 
above 300 deg. F. is not recommended. 
Tarnishing results from contact with air 
and some surface oxidation occurs when 
moisture is present. But this rarely has 
any effect other than to change appear- 
ance, which can be largely avoided by any 
of several finishes. 

Zine allov die-castings have gained 
wide use for automotive parts, for parts 
in electrical and other household appli 
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Base Metal 
and Number 


Zine 

ASTM 2 
SAE 92 
Zamak 2 


Zine 

ASTM 23 
SAF 903 
Zamak 





Aluminum 
ASTM W 
SAF 30 

| 


5 
Alcoa 3 


Aluminum 


ASTM I\ 
SAE 394 
Alcoa 43 


Aluminum 
ASTM VI 


\lcoa 83 


Aluminum 


ASTM VII 
SAE 307 
Aleoa 85 


Aluminum 


ASTM IX 
SAE 309 
Aleoa 93 


\luminum 


ASTM NII 
SAE 312 
A\leoa 81 
Magnesiur 
ASTM G 
{ opper 
Yellow 
Brass 
{ opper 
Brasti 





Nominal* 
Composition 
per cent 


Copper 2.7 
Aluminum 4.1 
Meg 0.3 
Zine bal 


Aluminum 4.1 
Mg 
Zin 


bal 


Copper none 
Silicon 5.0 
Nickel none 
Aluminum bal 


Copper none 
Silicon 5.0 
Nickel none 
Aluminum bal 
Copper 2.0 
Silicon 3 0 
Nickel none 
Aluminum bal 
Copper 4.0 
Silicon 5.0 
Nic kel none | 
Aluminum bal 
Copper 4.0 
Silicon 1.75 
Nickel 4.0 
Aluminum bal 
( opper 8.0 
Silicor 1.5 
Nickel none 
Aluminum bal 


Aluminum 10.0 
Magnesium88 .0 


ww 








mun | 
C opper 58.0 | 
Zine 41.0 
Copper 81.0 | 
Silicon 4.5-5.0 
Zim bal | 
Copper 42.0 
Zin 41.0 | 
Lead 1.0 | 
Nickel 16.0 | 
| 
Tin 91.0 | 
Copper 4.5 | 
Antimony 4.5 
Tin 59.5 min 
Copper 3.25 
Lead 26.0 max 
Lead 86.0 | 
Tin 4.5-5.5 | 
Antimony 
99.25-10.75 
Lead 83.0 
Antimony 17.0 
Lead 90 .0 
\ntiniony 10.0 
Note 


Tensile* 
| Strength 
p.s.i. 


44,000 


36,000 


0.4 | 


33,000 


29,000 
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Nominal Composition and Properties of Die-Casting Alloys 
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Tensile strength increases and impact strength decreases with 
aging. (See text). Widely used for great variety of castings 
including automotive, home appliances, electrical machine, 
instrument, hardware and many others. 
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80.0 6 









| lensile and impact strength remain practically unchanged with 
aging. (See text). Widely used for great variety of castings 
including automotive, home appliances, electrical, machine, 
instrument, hardware and many others. Min. dimensional 
change 





63.0 











Lightest of aluminum die-casting alloys. Good fluidity and free 
from hot shortness. Resistant to salt-water corrosion. Used 
for complex, thin-walled and large castings. 
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60.0 aoe Resistant to salt-water corrosion. Has low yield point. Suit- 
able for some aircraft-engine and marine parts. 
' 
60.0 75 Employed for maximum ductility as when bending swedging or 
* — similar working is required. Suitable for handles, levers and 
like parts. 
70.0 2.78 | Has best combination of strength and ductility of aluminum 
£ alloys. Relatively lowin price. Used for general purposes 
and where good mechanical properties are required 
| Í 
| Whiterin color than alloys containing more silicon. Relatively 
89.0 2. 87 highin cost and does not cast so readily as some other alumi- 
| numalloys. Easy tomachine. Suited for parts to be polished 
| if maximum toughness is not required. 
| | 
$ | 
70.0 2.85 Inexpensive general purpose alloy. Is most widely used of 
aluminum casting alloys 
| 
55-60 1.81 Lightest ofeall die-casting alloys, and used where light weight 
is most important, as in automotive (including aircraft) and 
| portable machines 
| 
120-130 | 8.47 | Least expensive of copper die-casting alloys. Color yellow. Ma- 
| chinability fair. Corrosion resistance good. Bearing prop- 
erties poor 
| 
160-180 8.05 One of strongest die-casting alloys. Machinability fair, corro- 
sion resistance high. anne properties good. Has lowest 
| | melting point (1,600 deg. F.) of copper die-casting alloys. 
| 
160.0 8.45 | One of strongest die-casting alloys. Colorlight. Machinability 
. | good. Corrosion resistance high. Melting point 1,675 deg 
| F. Used for valve parts, hardware, etc. 
| 
| \ very fluid babbitt having good bearing properties. Good 
23-26 | 7.55 | corrosion resistance. Not easily tarnished. Usable in con 
| tact with food. 
| 
27.7 7.98 | Relatively cheap babbitt having good bearing properties at 
* | moderate pressures 
| 
2 2 
23.2 10. 24 | Cheap babbitt suitable for carrying light loads 
Cheap babbitt Also used in making coffin trim parts. Does 
17.0 10.5 not tarnish quickly. 
Used for battery parts and fire extinguisher parts, because of 
15.5 10.65 good corrosion resistance, and for weights 


Tabular data are as given in general information in the ASTM or SAE specifications or are taken from 

nformation furnished by the makers of the base metals or the alloys made from them. For detail composition, 
including allowable impurities (which are highly important in the case of the zinc alloysin particular) refer- 
ence to the complete specifications should be made. Some of the specifications referred to are only tentative 
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ances, office and store equipment, instruments, small 
tools, hardware, toys, sporting goods, and in a wide 
range of novelties and jewelry. 

Aluminum alloys are second only to zinc in extent 
of use. Their tensile strength is only slightly lower 
and they have a distinct advantage for those applica- 
tions where light weight and dimensional stability are 
important. In addition, some of the aluminum alloys 
take a high polish which they hold for considerable 
time and they can be ball burnished at little cost. A 
finish coating is unnecessary, even where with some of 
the other alloys it would be required to prevent rapid 
tarnishing. Sometimes this is an important cost item. 
Impact strength is lower than for zine alloys, but is 
adequate in most applications. The relatively high melt- 
ing point of aluminum alloys makes them suitable for 
use at temperatures well above those for which zinc 
alloys are recommended. On the other hand, it necessi 
tates the use of alloy steel dies which require heat 
treatment and are more expensive than the carbon steel 
dies generally used for zinc. In time the higher tem- 
perature causes checking even of the alloy steel, and this 
in turn makes redressing of the dies necessary if a 
smooth surface finish is to be maintained on the cast 
ings. Some aluminum alloys take beautiful anodic 
finishes and high-bake enamel finishes having good 
adherence and excellent endurance. Plated finishes can 
also be applied. 

Aluminum die-casting alloys are used especially to 
gain light weight, as in aircraft and on portable equip- 
ment. They are useful also for parts that come in 
contact with foods, for parts in instruments, machines 











Right) Copper alloy dte-castings 
ire used where strength 1s a con 
trolling requirement. They also are 
highly corrosion resistant and have 


a good surface finish 


Below) Die-cast aluminum parts 





for a surveyor’s transit, for which 


light weight is a strong sales point 

































and electrical equipment, including motor housings and 
armatures, and in many domestic appliances. 


1 


Alloys having a copper base are the strongest of all 
those used in die-casting and are also high in corrosion 
resistance, but are considered the most difficult to pro- 
duce and are higher in cost. They require a special 
type of casting machine and, compared with zinc and 
aluminum, the number of producers in this country is 
much smaller. To minimize the deterioration of the 
dies caused by the high temperature at which the cop 
per-alloy castings are made, the material is fed to the 
dies in a plastic rather than a fluid state. But even 
so, rather expensive alloy-steel, heat-treated dies are 
required and frequent redressing is necessary to main 
tain a smooth finish. This largely accounts for the 
relatively higher cost of copper-alloy die-castings. In 
consequence, their use is limited to applications in which 
the physical and other good qualities of the castings 
outweigh the higher cost. Copper alloy die-castings are 
being used more extensively for gears, brackets and ma- 
chine parts where strength is required. 

Tensile and impact strength of copper die-casting 
alloys are as much as double those of the zinc alloys. 
Although excellent plated and other finishes can be 
applied, the corrosion resistance of the unplated cast- 
ings is high and many castings, as indeed with other 
alloys, are used without finishing. With copper-alloy 
die-castings polishing costs are likely to be high as it is 
difficult to maintain a smooth cast surface finish without 
frequent redressing of dies. 

Lead and also tin-base alloys, once very widely used, 
have recently been displaced in many applications by 








ee 


Courtesy Doehler Die Casting Company 


the stronger and less expensive zinc alloys or 
some of the other types. Low melting point 
makes for easy casting and long die life, but the 
low tensile strength and low impact strength of 
these alloys, together with other factors, limits 
their use chiefly to applications in which the cor 
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rosion resistance of the alloys is a leading requirement, 
and strength, weight and finish are of no particular 
consequence. Extremely close dimensional limits can 
he maintained with tin base and lead base alloys, and 
this is sometimes a factor in their selection, as is also 
the good bearing properties of some of these alloys. 
Antimonial lead alloys are used for some cheap novel- 
ties, because of the bright and comparatively non- 
tarnishing quality of the cast or polished surface. Lead 
alloys are highly resistance to corrosion and are even 
used in contact with some acids, as in storage batteries. 
High specific gravity also accounts for the use of 
some lead die-castings. 

Tin alloys are employed for parts in contact with 
foods, as in milking and some other machines. They 
are also used where a good bearing metal is required; 
or where, as in counter wheels and similar small parts, 
dimensional exactness, and in some instances also cor- 
rosion resistance, is desired. As the tin alloys are rather 
expensive, their use is usually limited to parts that are 
relatively small. 

Magnesium die-castings are used for applications in 
which a metal still lighter than aluminum alloys is 
needed. Strength of magnesium alloy (Dowmetal) is 
about the same as that of aluminum alloys. The cast- 
ings are similar in appearance and can be produced on 
similar machines, though some special provision is 
required for keeping the molten metal out of contact 
with air. Castings darken with aging and are often 
given an applied finish, but plating technique has yet to 
be developed. 


Properties of Zinc Alloys 


Choice between the two zinc alloys covered by A.S. 
T.M. specifications often rests with the die-caster, but 
it should be noted that the No. 23 alloy, though having 
a lower tensile strength than the No. 21 alloy, has a 
higher impact strength, and is less affected, both in 
properties and dimensional change, than the No. 21 
alloy. Impact strength of the No. 21 alloy has been 
found to decrease to about one-third its original value 
in three years of indoor aging, whereas tensile strength 
increases somewhat. Impact strength of the No. 23 
alloy remains virtually constant, and there is practically 
no reduction in tensile strength. 


Joth of the A.S.T.M. zine alloys undergo a slight 
shrinkage during the first three or four weeks after 
casting, unless given a simple stabilizing heat-treatment. 
Thereafter, a slow and, for most applications, an unap- 
preciable growth takes place. In the No. 21 alloy the 
growth in three vears of indoor aging is slightly less 


than 0.00037 in. per in. of length and in the No. 23 
alloy is only 0.0001 in. per in. This is so little as to be 
negligible in all but a few exceptional applications. 


Aluminum Alloy Specifications 


There are five aluminum die-casting alloys covered 
by A.S.T.M. and S.A.E. specifications. In addition to 
these, two or three others are sometimes used. Certain 
of the physical properties which might determine the 
selection of the alloy are given in the table on page 380. 
If there is any choice, it is usually left to the die-caster, 
who is likely to have certain preferences based on ease 
of casting. The following items, based largely on in- 
formation given in connection with S.A.E. specifica- 
tions, may be considered in making a choice between 
the aluminum alloys: 

S.A.E. No. 304—Withstands salt-water corrosion well. 
Has a low yield point and is not generally used where great 
strength or stiffness are required. Is suitable for some air- 
craft-engine and marine parts. 

S.A.E. No. 305—The lightest of the aluminum alloys 


(specific gravity 2.66) and is especially resistant to salt 
water corrosion. Good fluidity and freedom from hot- 
shortness makes it suitable for thin-walled and for complex 
castings having both light and heavy sections, as well as 
for large castings. Can be softened by annealing. 

S.A.E. No. 307—Affords the best combination of strength 
and ductility obtainable in aluminum die-castings and is a 
relatively low-priced, general-purpose alloy. Is used for 
pieces of relatively heavy section and where good mechan- 
ical properties are required, as in levers, frames, brackets 
and the like. 

S.A.E. No. 309—Is whiter in color than alloys containing 
more silicon and well suited for parts to be polished or 
machined if maximum toughness is not essential. It is rela- 
tively high in cost and does not cast so readily as S.A.E. 
No. 305 and A.S.T.M. No. VI. It machines readily. 

S.A.E. No. 312—Is an inexpensive general-purpose alloy 
commonly known as “No. 12,” and is in wider use than any 
other aluminum die-casting alloy. 

A.S.T.M. No. VI—Is used where maximum ductility of 
the finished part is desired or where its production involves 
spinning, swedging, bending or other deformation, as in 
levers and handles. 

Choice between the various copper alloys is usually 
made on a basis of cost, physical properties, color, and 
corrosion resistance. Yellow brass having a nominal 
composition of 40 per cent zinc and 60 per cent copper 
is about the least expensive, but is less strong and does 
not have the bearing properties of some of the other 
alloys, as shown in the table. The alloys having con- 
siderable proportions of silicon or nickel are light in 
color, high in corrosion resistance and are among the 
strongest, some of them approximating a mild wrought 
steel in their tensile strength. 


1935 PRODUCT DEVELOPMENT SURVEY NUMBER 


[F YOU want to find out if there is any precedent for the design changes that you are contemplat- 


ing, look for it in November Product Engineering. Here you will find what engineers in your field 


and allied fields are doing. More than 400 engineers have contributed to this report; more than 100 


have been interviewed èe e e e e November Product Engineering will be valuable for reference. 


It will serve as a guide book for design improvements that increase the salability of your product. 


Charts and tabulations, pictures and text will tell how the engineers of more than 400 leading com- 


panies improved the design of their products. 
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Examples of standard col- 
ors available in Pyralin, in- 
dicative of wide range of 
colors available in plastics 


Plastics 


in Colors 


That Consumers Prefer 


HOWARD KETCHAM 
Color Engineer 


As consulting color engineer for E. I. du Pont 
de Nemours & Company, the author has styled 
the colors for many of the plastics they manu- 
facture. In this article he tells how to make 
certain that the colors selected will conform 


to consumer preferences 


HE suitability of color and material to product 

and market is tremendously important. Unfor- 

tunately, there is no set rule for scientifically pre- 
determining a given psychic reaction to a certain color. 
Color has no meaning in itself. It is only the continued 
association of colors with certain events that have estab- 
lished meanings for them. 

Survey information, available on the basis of tests 
to determine the colors that consumers associate with 
various commodities, show that preferences depend not 
only on the color but also on the chroma, the degree of 
purity of the color. An olive green is a color of weak 
chroma, whereas an emerald green is classified as a 
color of strong chroma. 

Strong chroma colors appeal best when color is 
chosen on the basis of appearance alone, without refer- 
ence to taste or harmony. Men like blue, and women 
refer red. In general, men prefer cool colors and 
women like colors in which red predominates. Both 
men and women dislike yellow and orange, but yellow is 
frequently preferred by young people. With men, red 
s second choice and with women, blue is second choice. 

‘onsequently, it would seem that a product to be sold 


to men and women should be either red or blue or a 
combination of these two hues. However, if all manu- 
facturers adopted this plan, and a newcomer should 
introduce a product finished in green, he would have a 
market-individuality advantage. 

An important advantage in merchandising is the 
ability to select colors of fashion appeal and to know 
when to introduce new colors. Unfortunately, color 
styling cannot be condensed to a mere use of formula. 
It involves too many interrelated factors to ever become 
a slide rule proposition. 

It never pays to be ahead of fashions; running an 
experimental station in place of a showroom. Colors 
people are going to want next month or next year can- 
not be determined with any degree of certainty without 
first making a careful study of current trends. Such 
studies, coupled with an intensive analysis of the colors 
being promoted and observations of the consumer’s 
actual reaction to potential stvle colors, produce the 
most reliable results. 

Production color convictions often are based upon 
the guesswork of committees composed of buyers and 
stylists. When only the colors the committee have 
decreed are displayed, consumers are diverted from 
their preference and are obliged to select from available 
stocks. Buying preference should be elicited from cus- 
tomers by means of surveys. The effectiveness of mass 
surveys would not be complete without the especially 
devised Munsell Color Charts. With the use of these 
helps, the classification of consumers’ color wants in 
hue, value and chroma can be disclosed. 

In products where color is a factor, the sales staff 
must know when a change in consumer color acceptance 
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of plastic products in colors that 
are obtainable in 


is about to occur. Color forecasting is a methodical 
study of a situation, built on consumer preference which 
must first be obtained. Color leadership is too costly 
unless it represents what people want after their wants 
have been made known completely. 


In Great Britain there has already been established a 
color counsel for the purpose of achieving cooperation 
between allied industries in the standardization of color 
to limit the speculative element in color decision. The 
National Research Council of Canada, and the Danish 
National Standards Committee have also expressed an 
active interest in color projects of this nature. 

Many methods have been devised to register the color 
preferences of the masses, but they have proved only 
partially successful. Some style specialists feel that a 
report indicating red as a style favorite for dinner ware 
sets of urea resins is sufficient. But color reactions are 
specific. For this reason, it is essential to predetermine 
the exact hue of red that the market will accept from 
among the five color families in which red appears. 
These range from yellow-red-yellow to red-purple-red. 
In each hue, there are variations of value and chroma to 
be approved. 

With no two manufacturers pulling together on the 
same color of red in the synthetic materials they are 
building into kitchen clocks, egg beaters, curtain rods, 
dinner ware and refrigerator hardware, the problem of 
finding items of various “makes” that can be used to- 
gether in the same kitchen has become acute. 


\ concrete example of the serviceable value of an 
efficient color survey is disclosed by the results produced 
by the Color and Design Association of America, a 
service organization that makes color surveys. Sales of 
boudoir sets for the previous year 
showed a market acceptance for jade, rose, and maize 
When a color survey showed a con- 
sumer preference for coral, lilac, turquoise, and gold, in 


nitro-cellulose 


in the order listed. 


Examples of the wide diversity 


Beetleware 
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the order listed, the change was made. Results were 
gratifying. 

The comprehensive color analysis by determining the 
colors to which the public is most susceptible makes 
possible smaller inventories and confines patterns to the 
most salable ones. Constant analysis of what the public 
has favored and is favoring, makes it possible to change 
well in advance of the saturation point. 

By using materials such as plastics in which a wide 
range of color choice is available, and by predetermin- 
ing through surveys the colors under consideration 
which are most likely to sell, more profitable results are 
bound to accrue. 

Synthetic plastic materials are important in modern 
industry for three principal reasons. 

1. They afford a practical medium for reproducing 
worthwhile color effects. 

2. The limitless range of adaptations is encompassed 
in various plastic formulations. 

3. They afford the age of color with the product of 
the age, obviating the need for delving into materials 
of the past. 

To compete forcefully in modern markets, products 
must have color, novelty, and fashion. Almost any 
color, and countless special effects embodying three or 
four combinations of color, are available in one or more 
types of plastic materials. In order to provide color 
appeal, it is almost certain that plastics can be employed 
in some forms. 

Color, through synthetic materials, has already trans- 
formed the fountain pen business from a utilitarian to 
a style commodity. Building a sales increase of more 
than 50 per cent since its introduction, millions of wood 
heels are now successfully colored in scuff-proof 
Pyralin. 

Plastics can be adapted to a wider range of fabricat- 
ing methods than most industrial materials. They can 





also be easily polished, embossed, printed, lacquered, 
stained, and decorated in many ways. Thus, the oppor- 
tunity for introducing color in varied new fields is wide 
open. 

Plastics afford an opportunity of expressing quality 
and identity in products through color. The unusual 
color distribution embodied in early American glass 
has served recently as the inspiration for a number of 
plastic articles. The colors of the period in which that 
glass was first made (1840) were dressy and gay. Such 
colors are appropriately in keeping with the spirit that 
again prevails. 

The present vogue for clear bold colors in the home 
to express elegance and distinction has been incorpo- 
rated in the motif of a number of toilet ware articles 
of style appeal. 

Harmony of color is the fundamental of beauty in 
design just as rhythm is the fundamental of music. 
Color harmony consists of various colors produced in 
a modified form so as to produce a pleasing whole, but 
color harmony exists only where there is a common 
color present. Associated combinations of harmonious 
colors are pleasing, restful; and are used more than 
any other combinations in plastics. In all plastic work, 
the essential objective is to employ color in order to 
render the attractive points of the merchandise more 
prominent. 

Fading colors are a great disappointment. In plas- 
tics, as in most other materials, the fugitive colors are: 
pink, violet, light blue, light maroon, purple and ma- 
genta. These should be avoided in products for out- 
door exposure. 

Certain colors placed side by 
side hinder or help each other. 
To be really effective, color must 
represent a series of contrasts. 
For example: a full hue strength 
of red alongside of a dark rich 
purple will appear rich and inter- 
esting, but if the same red be 
viewed alongside of a lighter pur- 
ple, the result will prove harsh 
and unattractive. 

In all instances of the har- 
monious arrangement of colors, 
the question of relative strength 
must be seriously considered. 
Yellow is the lightest color and 
violet the darkest. Between these 
two extremes are two groups, 
one red and the other blue. As 
long as the vellow used with red 
or orange is lighter, the effect will 


1 
f 


be good. Blue should be lighter 


This Textolite kitchen clock, 
designed by Ray Patton for the 
General Electric Company ts in 


a color that many women favor 


PRODUCT ENGINEERING + OCTOBER 1935 


than green, and violet the darkest color in any combina 
tion, unless discord is purposely sought. 

Beautiful gray effects can be produced in synthetic 
plastics by blending bright colors instead of thinning 
weak colors to produce gray. The limpid quality of 
Sevres Cobalt blue makes it an ideal color for gift 
boxes in plastics, particularly when inlaid with silver 
or yellow metal. 

Secause blue is such an idealistic color, it should be 
used in proportion to its own power to move people 
For objects such as automotive dashboard buttons, 
gearshift balls, and door handles, blue is an unwise 
choice, because it tends to disappear from sight at dusk. 
Orange, red, and violet are better plastic colors where 
visibility is essential. Yellows and reds are always 
brighter than blues, greens, and purples. Green is a 
splendid utility color in its pure state. 

Plastic colors that are distinctive looking help to fix 
trade-mark impressions on the memory. In this con- 
nection, color should be significant of the product. 

Surveys reveal that certain hues have greater remem- 
brance value than others. For example, a certain dark 
blue invites the greatest attention and has the greatest 
remembrance influence on women. Dark greens of a 
particular hue have the least influence upon women. 
Purple of a specific hue, value, and chroma has the 
greatest remembrance value on men. 

The use of plastics in colors having the maximum 
influence on memory stimulation for men or women is 
more important on higher-priced merchandise. The 
correct choice of color in this way serves to identify 
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Consumer color pref- 
erences are disclosed 
through actual sur- 
veys. Here are ex- 
amples of some of the 
solid colors obtain- 
able in Pyralin 


lhe trend toward things 
purely American has 
lead to the reproduction 
of early American glass 
im plastics, these being 
a few examples of the 
striking effects that are 
ittained 


products in a most helpful way, thereby creating a 
higher display and consequently a lower selling cost. 

No color can be beautiful at all times and in all 
places. Each color is beautiful in its own way in certain 


appropriate environments and relationships. A color 
that is excellent for a kitchen clock would hardly serve 
equally well as the color for a boudoir accessory. At 


the present time, Texolite kitchen clocks sell best in a 
certain ivory. Next in order of preference comes 
green, black, red, blue, orange, and yellow. For 
boudoir use, black alarm clocks outsell ivory two to one. 

Color associations play a major role in the selection 
of colors for packages, advertising, and merchandise 
displays. Color and chroma that are shown to be the 
most appropriate for the following products are: (1) 
Inulding supplies—vellow and orange (weak chrome) ; 
(2) jewelry— yellow and purple (strong chroma) ; (3) 
breakfast food—vellow and orange (strong chroma) ; 
(4+) perfume—yellow and purple (weak chroma) ; (5) 
cottee—yellow and orange (weak chroma) ; (6) soap— 
vellow and green (strong chroma) ; (7) candy—red and 
yellow (strong chroma). 

In selecting colors for products, look first for the 
wsthetic possibilities. Consider next the ultimate pur- 
pose and environment, and last, but by no means least, 
determine by means of an adequate survey the colors 
to which the market is most susceptible. 

The color effect to be used is determined to a de- 
oree by : 


l. The surface texture required. 
2. Whether object is to be viewed from near or far. 
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Brilliant colors look best out of doors where they can 
be seen from a distance, because distance lessens the 
apparent intensity of colors. 

In selecting color for a market, it should be recog- 
nized that: 

1. People are repulsed by inharmonious colors. 
Strong color contrasts tend to create tension. 

2. Contrasts are more pronounced between a warm 
color and a cool color (red and green). 

3. Colors can be moderated in their effect by hue, 
value, and chroma changes. 

4. Light, cool colors make ob- 
jects appear larger. 

5. When complementary col- 
ors are placed near each other, 
they appear to be more intense 
(orange and blue; purple and 
green-yellow; purple-blue and 
yellow are complements ). 

6. Surprise effects should be 
used for securing attention, be- 
cause new aspects are won through 
color change. For example, red 
plastic heads on clothing dummies 
command attention. 


The subconscious influence of 
appearance appeal is today recog- 
nized as the most potent force in 
modern selling. Three-fourths 
of this appeal depends entirely 
upon the discriminating use and 
choice of color. 


Plastics Suitable for Color 














Manufacturer Trade Name | Remarks 
Celluloid Corporation | Celluloid Nitro-celluloses 
DuPont Viscoloid Company Pyralin Good color medium 
Fiberloid Corporation Fiberloid Inflammable 
Nixon Nitrate Works | Nixonoid 
Celluloid Corporation | Lumarith | Cellulose acetates 


DuPont Viscoloid Company 


| | Plastacele Good color medium 
Tennessee Eastman Corporation 


Tenite Non-inflammable 
American Plastics Corporation Ameroid Caseins 

Good color medium 
Non-inflammable 


Union Carbide & Vinylite | Vinyl resins 

Carbon Corporation | Good color medium 
Non-inflammable 
Urea resins 


American Cyanamid Company Beetleware 





Toledo Synthetic Products, Inc. | Plaskon Good color medium 
Unyte Corporation | Unyte Non-inflammable 
Bakelite Corporation | Bakelite 
General Plastics | Durez 
Richardson Company Insurok Molded phenolic resins 
Resinox Corporation Resinox Very strong 
General Electric Company Textolite Limited color range 
American Record Company Arcolite Non-inflammable 
Colt’s Patent Firearms Company Coltrock High dielectricstrengtl 
Stokes & Smith Company | Durite | 
Reilly Tar & Chemical Company | Indur | 
American Catalin Corporation | Catalin Cast phenolic resins 
Marblette Corporation Marblette Soft and easily carved 
The Celluloid Corporation Ivaleur Limitless color range 
Fiberloid Corporation Fiberloid | 
- — — 

Westinghouse Electric Company Micarta | 
Formica Insulation Company Formica 
General Electric Company Textolite | 
Mica Insulator Company Lamicoir | 
Panelyte Corporation Panelyte 
Richardson Company Insurox Good color medium 
Synthane Corporation Synthane Fire-resisting 
Continental Diamond Fibre | Dilecto Laminated plastics 

Company | 
National Vulcanized Fibre | Phenolite | 

Company | 
Spaulding Fibre Company Spauldite 


Taylor and Company Phenol Fiber 





















Effect of Pipe Length on 
Bursting Pressure 
VICTOR TATARINOFF 


Pilsen, Czechoslovakia 


@ When shear or torsion test speci- 
mens do not correspond with actual de- 
signs, the test data must be used with 
caution. As explained in the article, 
“Effect of Specimen Length on Test 
Data,” on page 347 in the September 
number, correction factors must be 
applied for the effect of length on tor- 
sional specimens. 

Length of specimen also affects the 
bursting strength of pipes subjected to 
internal pressure. Bursting strength 
S is generally calculated from P the 
pressure in lb. per sq.in., the inside 
diameter d and the wall thickness £ of 
the pipe, using the relation, 


Pd 

yy 
From tests on welded steel tubing, 
published in the U. S. Bureau of 
Standards Journal of Research, April, 
1930, bursting strengths were calcu- 
lated using this formula. The welded 
tubes were 1 in. and 2 in. in outside 
diameter with a length of 12 in. In the 
table is a summary of the tests and 
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additional data on bursting strength 
of seamless steel tubing ranging from 
3 to 6 in. in diameter. 

From the tabulated data, metal in 
the 2 in. pipes, although welded and 
subjected to compound stresses, proved 
stronger than similar material sub- 
jected to simple tension. Seamless 
steel pipes were from 2 to 4 times 
stronger than the material subjected 
to tension. Also, the ratio of bursting 
strength to ultimate tensile strength 
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decreased with increase in the ratio 
of pipe length to diameter. 
Differences in strength shown in 
the table are attributed to the effect of 
reaction forces arising at the end fix- 
tures. For a tube fixed at the ends 
any deflection produces a reaction at 
the ends. Therefore, the resistance to 
deflection or to any circumferential 
elongation of the tube material can be 
calculated from the following formula 
comprising all elements in the resist 
ance of tube wall to inside pressures. 
2t 1.92 El D 
P =0.89S— + . 


I 


In this relation, / is the length of 
pipe between supports, D is the out- 


Calculated Bursting Strength and Tensile Strength of Pipe 
































Outside Cal- Ratio of | 
Pipe Wall Length | Bursting} culated Tensile | Bursting | Ratio of 
Diam. |Thickness In. | Pressure | Bursting | Strength |to Tennie! Length 
In. In. | lb/sq.in. | Strength | Ib/sq.in. | Strength | to Diam. 
2 0.035 12 2,300 | 63,600 | 58,000 | 1.100 | 6.0 
2 0.050 123 3,200 | 61,050 | 60,140 1.015 | 4 
2 0.062 12 4,000 | 60,500 | 59,400 | 1.018 6.0 
2 0.081 12 5,400 61,250 | 60,900 | 1.003 | 6.0 
34 ej 0.157 22 6,100 | 57,000 | 61,000 | 0.933 | 6.3 
4: 0.216 | 22 | 7,100 ‘| 62,500 61,000 | 1.025 | 5.2 
51 0.236 22 | 16,400 | 163,000 61,000 | 267 | 4.2 
6} 0.307 | 22 | 20,000 | 202,000 54,000 3.74 3.5 
side diameter, Æ is the elastic modulus 
and e the per cent elongation for the 
‘ material. For a hollow semicircular 


For standard pipe 
bursting strength in- 
creases with a de- 
crease in, ratio of 
length to diameter. 
A ratio of 8 corre 
sponds to the conven 





Pipe Diameter in Inches 
0135 0167 0216 0237 0258 0288 0316 
Wall Thickness in Inches 
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section, the moment of inertia /, in 
terms of the outside radius œ and the 
inside radius r, is, 


0.283 R*r?2(R—r 
I =0.11(R*—r* 
R r 


Applying the above relation for P 
to the data in the table, the calculated 
bursting pressures are within 5 per 
cent of the values determined by ex- 
periments. To facilitate application 
of the equation, curves shown to the 
left determine internal pressures at 
which pipes will burst. The curves 
are constructed on basis of 27,000,000 
for the elastic modulus, 60,000 Ib. per 
sq.in. for the bursting strength, and 
20 per cent for the elongation for 
standard steel pipes suitable for 400 
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lb. per sq.in. working pressure. The 
same graphs can be applied with a 
certain degree of approximation to 
pipes having other wall thicknesses. 
For that purpose, values of esti- 
mated from the @urves are multiplied 
by the ratio of the thicknesses. For 
example, a 25 in. length of 5 in. seam- 
less steel pipe having a wall thickness 
of 0.258 in., the bursting pressure cor 
responding to an L/d ratio of 5, is 


8,900 Ib. per sq.in. For a pipe of 
similar dimensions, but with a thick- 
ness of 0.375 in., the ratio of 0.375/ 
0.258 is 1.315 which multiplied by 8,900 
gives 11,700 Ib. per sq.in. for the 
bursting pressure. This value is much 
higher than the pressure of 9,000 Ib. 
per sq.in. derived from Equation (2). 
This relation therefore applies only 
for a value of & for the length to 
diameter ratio. 





Increasing Sensitivity 
of Bimetal Thermometers 


J. BLAIR DOWDEN 


Development Engineer, Weston Electrical Instrument Corporation 


@ As compared with other methods of 
temperature measurement and thermo- 
static control, the use of a bimetal 
strip has inherent advantages oí 
simplicity, durability and rapidity of 
response. In the design of bimetal 
elements for thermometers, however, 
serious limitations arise in providing 
accurate deflection over an 
legible scale. 


easily 


For small deflections with changes 
in temperature, the straight bimetal 
strip is a satisfactory structural form 
Such a straight strip is of limited ust 
in temperature measurement, however, 
since a 4-in. length of a common type 
of bimetal 0.06 in. thick deflects only 
0.002 in. per deg. F. at the free end 
f the cantilever 

o obtain greater deflection within 
a reasonable space the strip is com 
monly wound into a helix or spiral, 
the angular deflection at the free end 
ictuating a radial pointer over a sector 
of a circular scale. As the developed 
length of the strip is increased, othe 


SPIRAL 





structural variables will be introduced. 
Both helical and spiral forms of bi- 
metal elements are structurally weak 
resulting in a distortion of the coil 
form as length is increased. Since de- 
flection is inversely proportional to 
thickness, rigidity obtained with a 
thicker strip offsets the original reason 
tor lengthening the coil. Increased 
width of the strip not only increases 
the weight and the space required, but 
also increases inaccuracies due to 
bending across the width of the strip. 
Internal flexion in a bimetal spiral 
is such that a temperature lag of sev- 
eral degrees may be set up before the 
pointer indicates a change in tempera- 
ture. The shift in the center of rota- 
tion accompanying changes in spiral 
form may introduce further errors. 
For a helical form, the effect of in- 





Fig. 1—In a bimetal thermometer element, the multiple 
helix form combines high sensitivity and structural rigidity 





ea MULTIPLE 


HELIX 
SINGLE 
HELIX 


Fig. 2—Relative size of three types of bimetal 
elements having the same torque and deflection 
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ternal flexion is much less than for a 
spiral of equal sensitivity, but the 
greater structural length of the helix 
introduces other defects. Increased 
length requires a shaft to support the 
working end, which introduces fric 
tion. Temperature changes produce 
an axial as well as a rotational move 
ment of the helix, varying the dis 
tance of the pointer from the face of 
the dial. 

Chus, a satisfactory bimetal element 
giving large deflections requires: 

1. Increased developed length of 
strip within a smaller space. 
2. Increased rigidity to eliminate 
distortion of the coil form and the 
necessity for a pointer bearing. 

3. Elimination of axial displace 
ment of the moving end. 

To meet these requirements, the bi 


























metal element shown in Fig. 1 has been 
developed by winding a single strip in 
the form of concentric helices. The 
several coils are additive in rotational 
deflection, but the axial displacement 
is mutually counterbalanced between 
the coils. 

Obviously, the developed length of 
strip can thus be increased without 
lengthening the coil, resulting in a 
more compact element, and one in which 
lateral flexion of the coil, and conse 
quent displacement of the axis, is 
materially reduced. Moreover, a coil 
of the necessary developed length will 
be sufficiently rigid to permit the 
pointer to operate without a support 
ing bearing. 

Reduction in strip width and thick 
ness made possible by this structural 
form permits the construction of ther 
mometers of sufficient deflection to give 
accurate indications over a long scale 
from which fractions of a degree may 
be read. Yet, the thermal element it 
self need be no larger than the bulb of 
a common glass thermometer. Or, a 
unit can be constructed with sufficient 
torque to operate control devices or 
display thermometers with hands up to 
6 ft. in length without introducing seri- 
ous errors caused by deflection across 
the width of the strip. 

As an example of the relative size 
and structural rigidity of the old and 
new types of bimetal elements, Fig. 2 
shows the comparative size of three 
elements having the same deflection 
ind torque. 

Tests made both here and abroad 
on thermometers of this type show 
that the concentric helix form of bi 
metal element is of sufficient accuracy 
to be regarded as a measuring instru- 
ment of scientific standing. Even for 
inexpensive thermometers for the usual 
“household” range, for instance, ac 
uracy to within 4 of 1 deg. F. can be 

xpected. 


Spring Length 


® 70 the Editor: 
\ssuming that the deflection is pro 
irtional to the load, the free length 
- of a helical compression or tension 
ring is: 


Py La— Pali 
Ly P,P, 


lhe length L, of working coils co! 
ponds to load P,, and length L, 
rresponds to load P,. If the free 
gth of a tension spring is the solid 
ght, it is assumed that the spring 
not under initial tension. This rela- 
n is independent of wire size and the 
h diameter of the spring. 


—STILES BEGGs 
Rochester, N. } 
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For pinions with a small number of teeth, actual length of contact 
may be less than the length e, e, given by usual formulas 


Length of Gear 
Tooth Contact 


@ To the Editor : 

The Reference Book Sheet “Chart 
for Number of Teeth in Contact,” on 
page 359 of the September Number 
gives incorrect values for certain 
ratios using pinions with a smali num 
ber of teeth. Also, on the chart the 
expression C sina was incorrectly 
given as C cosa. The formula is cor 
rect only when the length of contact 
e,¢e, in Fig. 1, lies between the points 
a, and a,, the extreme limits of the 
line of action. Therefore, the chart is 
correct only for gearsets consisting of 
13 tooth pinions with gears of 13 to 
16 teeth, 14 tooth pinions with gears 
of 14 to 26 teeth, 15 tooth pinions with 
gears of 15 to 45 teeth, and gearsets 
with pinions of 16 teeth and more. 

When the point of tangency of the 
line of action with the pinion base 
circle, point a, in Fig. 2, lies inside of 
the gear addendum circle, the actual 
length of contact is shorter than the 
length of contact e,e, given by the 
formula on the chart. Therefore, the 
number of teeth in contact is less than 
that given by the chart 

When the points of tangency lie 
between the points e, and e, as in Fig 
3, the length of contact equals a, a, 
This length also is shorter than that 
obtained from the chart. This applies 
to a gearset with both pinion and gear 
of 12 teeth. 

Actually, the length of contact in 
gearsets with pinions having undercut 
teeth is even less than that given 
above, because the undercut starts 
above the base circle. The first point 
of contact then, will be at a point 
which is the intersection of the under 
cut circle with the line of action. This 


point lies between a, and the pitch 

point. Therefore, the length of con 

tract is shortened and the number of 
teeth in contact is reduced. 

—C. A. JOHNSON 

Sprin el 1. Mass 


@ To the Editor 

Buckingham’s formula, which reads 
sine where cosine incorrectly appeared 
in the chart, is limited by the state 
ment, “No involute action, however, 
can take place below the base circle.” 
Therefore, the chart for gears of equal 
addenda should not have included gears 
or pinions of twelve teeth. A qualify 
ing statement should have accom 
panied the chart as follows: “The 
maximum numbers of teeth in contact 
that are obtainable with pinions of 13, 
14 and 15 teeth are 1.474, 1.542 and 
1.610 respectively.” 

The chart for long and short ad 
denda gearsets is correct but the 
formula should read sine instead of 
cosine. —F. V. TARBELI 

Erie, Pa 


LighterThan Stated 


@In the caption under the picture of 
the “kitchen of the future” which ap- 
peared on page 329 of the September 
number, the last sentence reads, “They 
weigh only 65 per cent as much as cor 
parable cast-iron fixtures and are fin- 
ished in color.” 

The newly developed line of draw 
metal porcelain-enamelled plumbing 
fixtures designed by Briggs Manufa 
turing Company weigh 65 per cent 
less than comparable cast-iron fixtures 
To put it another way, their weight 
about one-third that of the cast-iron 
fixtures. 


Ji 
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Anti-Friction Bearings 


EK. WOOLER 


Chief Engineer, The Timken Roller Bearing Company 









“THE severest automotive bearing application is considered 

to be at the rear-end driving pinion, because the pinion runs at 
engine speed and in addition to radial loads it imposes heavy thrust 
loads on the bearings in both directions. Two types of pinion 
mountings are the overhung and straddle designs. 









Fig. 13-A—The overhung type of pinion mounting is used more 
extensively than the straddle type primarily because the design 
lends itself well to high production manufacturing methods and is 
not affected so much by slight variations in machine work. A 
liberal bearing spread is desirable to minimize pinion deflections. 










Fig. 13-B—The straddle type pinion mounting is in principle 
more rigid than the overhung type, but restrictions limit the size and 
capacity of the inner bearing. Diameter of the differential must 
necessarily be small to avoid an excessively large ring gear. 





























Fig. 14—In the Hotchkiss drive a large single-row and a smaller 
double-row ball bearing are used on the pinion shaft. The double- 
row bearing takes all the thrust in both directions and the large 
bearing floats axially. Pinion adjustment is by a threaded sleeve 
which is locked in place by a pin that engages the slots in the sleeve. 


Fig .15—Separate bolted-on pinion sleeve with shim adjustment, 
as used on heavy-duty truck and bus axles. A spacer is used be- 
tween bearing cones, cones being clamped solidly to pinion shaft. 

Fig. 16—An older type of overhung pinion mounting with sleeve 
threaded for pinion adjustment. Double adjusting nuts on pinion 
shaft give desired preload on bearings. Combination key and clamp 
holds sleeve in position after pinion adjustment. 

Fig. 17—In this type of mounting the pinion is adjusted by the 
double adjusting nuts located between the bearing caps and acces- 
sible from outside. To adjust bearings, nuts are turned separately. 
Bolts on the outside of housings are then tightened. 
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in Automobiles- 1 


Fig. 18—A design for a straddle mounted pinion using a straight 
roller bearing at the inner position. The tapered bearing nearest 
to the pinion carries the thrust load for forward drive. Caps are 
pressed into the retainer which is bolted to the differential carrier. 
Shims provide proper setting of the pinion while the bearing ad- 
ustment is made by means of the nuts on the pinion shaft. 


Fig. 19—Double-row ball bearings used on each side of a hypoid 
pinion. Outer bearing is mounted in a sleeve, shim adjusted to 
locate pinion position. Inner bearing floats in a support tied to the 
carrier by suitable ribs. 


Fig. 20—In this design the tapered roller bearings are mounted 
in a double cup with no provision for pinion adjustment. The in- 
itial bearing adjustment is obtained by making the length of the 
spacer between the bearing cones to suit. The inside bearing is of 
the straight roller type without an inner race. 


Fig. 21—In this double reduction axle using herringbone gears 
for the final drive, the positions of the pinion and cross shafts are 
adjusted by the bearing shims, thereby fixing the position of pinion 
and ring gear. Adjustment of the bevel gear also fixes the loca- 
tion of herringbone pinion. Ball bearings on rear axles float in 
their support, herringbone bull gear finding its own center. 


Fig. 22—An overhead worm drive construction used for trucks 
ind buses, wherein the wormshaft at the rear is mounted on tapered 
roller bearings of the steep-angle type. The bearing nearest to the 
worm carries the thrust load for forward drive, being adjusted 
by the double nuts. The front end of the wormshaft is mounted 
in a straight roller bearing to allow for expansion. 


Fig. 23—In the underslung worm-driven axle, the forward 
larger bearing of the wormshaft takes the heavy thrust of the 
drive. The two bearings can be placed closely together, this being 
made possible by the small diameter of the worm gear. Worm gear 
lifferential bearings are usually larger than the bevel ring gear 
differential bearings because the side thrust on a wormwheel is 
vreater than that on a corresponding spiral bevel gear. 
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ITH suitable 
Metal Products 


ceremonies, the 
Exhibit—the 
first permanent exhibition of metals 
and plastics in this country—opened 
its doors on September 16, in the In 


ternational Building, Rockefeller Cen 
ter, New York. This permanent ex 
hibit, which is under the direction of 
Metal Products Exhibits, Inc., is de 
signed to provide a comprehensive re 
view of metallic and plastic materials 
and parts as used by industry. 

Features at the opening of the ex 
hibit included a display of “Metals in 
the Modern Manner,” by a group of in 
dustrial designers ; an exhibition show 
ing metal finishing in all its phases; 
and a comprehensive display of mod 
ern plastics as parts and finished 
products. 

The entire third floor of the Inte 
national Building, comprising 16,000 
sq.ft. of floor space, has been reserved 
for exhibition purposes, but only a 
part of this space is at present ready 
for occupancy. A large reception 
“gallery” for 
special exhibits and as an auditorium 


room also serves as a 


Metal and Plastics Exhibit 
Opens in New York 











One of the numerous 
alcoves wherein are 
exhibited metals, 
plastics and finishes 



































in attractive sur 

















roundings 

















for meetings of associations interested 
in industrial materials. Beyond, is the 
exhibition area, containing wall panels, 
booths, rooms, and other exhibition 
facilities. The simplicity of the decora 
tive scheme of the exhibit is striking. 
\li walls and exhibit spaces are fin 
ished in a light neutral tone, without 
decorative detail. By contrast, the 
brilliancy of the metals and finishes 
on display is greatly enhanced. 
Noteworthy items in the exhibition 
of modern industrial design include: 
cocktail set, tea set and folding tray by 
C. J. Ackerman; trestle table by Buoy, 
Inc.; tables by Donald Deskey; alarm 


Reception room at the Metals Products Exhibit at 
Rockefeller Center, which also serves as an audi 


Bry 


torium for holding meetings of technical societies 


zi poet em ka 


clocks and kitchen utensils by Henry 


Dreyfuss; console table by Frank W 
Gratz; refrigerator, washing machin 
and coffee set by Lurelle Guild; ash 
stand and coffee table by Allen Gould; 
door knob and switch plate by Gustas 
Jensen; lamp, salt and pepper shake 
and penholder by William Lescaze; oc 
casional table, cocktail shaker and 
coffee set by Paul A. Lobel; electric 
locomotive model, refrigerator and 
cosmetic compact by Raymond Loewy ; 
clocks, water cooler and reflector lamp 
by Gilbert Rohde; oil heater, gas 
range and sales slip register by Walte 
Dorwin Teague; chafing dish, book 
ends, and cigarette box by Walter Von 
Nessen; and coffee set, punch set, and 
smoking set by Russel Wright. 





Numerous examples of straight 
polishing, electro-plating, chemical 
coloring, rust proofing, lacquering and 
enamelling, and vitreous enamelling 
are included in the exhibition of mod- 
ern metal finishes. Among the manu- 
facturers contributing to this exhibi 
tion are Aluminum (Company of 
America, Egyptian Lacquer Company, 
Graselli Chemical Company, Hanson- 
Van Winkle-Munning Company, Lea 
Manufacturing Company, Mass and 
Waldstein Company, Morris Sanders, 
Parker Rust Proof Company, Pyrene 
Manufacturing Company. 

Molded phenolics, ureas, and com- 
bination products, cold molded parts, 
cast resins, and laminated materials 
are exhibited by 17 companies. 


Metals Exposition 
Bigger Than Ever 


ORE than 35,000 interested visi- 

tors are expected to be in Chicago 
during the week beginning September 
30, to attend the National Metals Ex- 
position to be held in the new Inter- 
national Amphitheatre. The exposi- 
tion will be open every day from 12 
noon to 10 p.m. The entire space ot 
the huge Amphitheatre, more than four 
acres, will be devoted to manufac- 
turers’ displays. 

The exposition management has an- 
nounced that this year’s exposition is 
already 30 per cent larger than that of 
last year; more than 200 companies 
having reserved exhibit space. It is 
anticipated that this will be the largest 
metals show ever held. In addition to 
metals, alloys and metallurgical instru- 
ments, there will be exhibited welding 
equipment, metal spraving equipment, 
heat-treating equipment. 


Zinc Plating Process 
Gives Bright Finish 


NEW electro-plating process 

which deposits a bright zine sur- 
lace on steel articles has been an- 
nounced by E. I. duPont de Nemours 
& Company, Inc., Wilmington, Del. 
It is claimed that this new process 
makes possible, for the first time, a 
bright plating of zinc. 

In announcing the new process the 
ompany states that it was developed 
to. make available an economical 
nethod of making steel rustproof 
while, at the same time, giving it a 
bright appearance. It is stated that 
many tests of this new process have 
been conducted in large commercial 
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plants and that it will be publicly 
demonstrated for the first time at the 
National Steel Show in Chicago, 
September 30 to October 4, inclusive. 

Among the uses claimed for this new 
process are included the plating of au 
tomobile parts and accessories, house- 


hold appliances and equipment, hard- 
ware, screws and fittings, steel stamp 
ings, and similar parts. One feature 
claimed for the process is that it will 
enable the economical production of 
decorative surfaces with good corro 
sion resistance on steel. 





Machine Tool Show 
Amazes All Visitors 


ACHINE TOOL builders sprang 
a big surprise at the Cleveland 
Show, September 11 to 21. During 
the six years since their last exhibition 
their designing engineers have not 
only been busy but have been “going 
places.” A glance at the 1935 models 
at the show proves it, but to attempt 
to describe the impressions created by 
the vast array of machinery on ex- 
hibiton would be futile. 
Weeks would be required to make 
a thorough inspection of the 900 ma- 
chine tools packed into the 5 acres of 
exhibition space. Two-thirds of the 
machines were in operation, at times 
requiring a total of 6,000 hp. to drive 
them. Here was $3,000,000 worth of 
machine tools exhibited by 120 of the 
leading machine tool builders, added 
to which were the displays of 110 man- 
ufacturers of accessories and parts. 
Easier operation, faster and more 


MEETINGS 


American Gear Manufacturers 
Association—Semi-annual meeting, 
General Brock Hotel, Niagara 
Falls, Canada, Oct. 14-15. J. C. 
McQuiston, secretary, Penn-Lincoln 
Hotel, Wilkinsburg, Pa. 





International Acetylene Associa- 
tion—36th annual convention, Cleve- 
land Hotel, Cleveland, Ohio. Nov. 
12-15. H. F. Reinhard, secretary, 
30 East 42nd St., New York, N. Y. 


EXHIBITIONS 





National Automobile Show 一 
Grand Central Palace, New York, 
N. Y., Nov. 2-9. Alfred Rieves, 
manager, 366 Madison Ave., New 


York, N. Y. 


Exposition of Chemical Indus- 
tries—Grand Central Palace, New 
York, N. Y., Dec. 2-7. Charles F. 
Roth, manager, Grand Central Pal- 


ace, New York, N. Y. 


Heating and Ventilating Exposi- 
tion—International Amphitheatre, 
Chicago, Ill., Jan. 27-31. Charles 
F. Roth, manager, Grand Central 


Palace, New York, N. Y. 


accurate production were the sig- 
nificant features of the new machines. 
Here was a huge milling machine that 
through hydraulic control required 
only the push of a finger to move the 
head or bed in exact unison with the 
control wheel; a lathe with hydraulic 
gear shifts; and a screw machine that 
produced a threaded brass fitting in a 
second as compared to 3 seconds in 
the older model. Variable-speed drives 
enabled machines to be run at the 
most effective speed. A new design 
of planer was cutting in both direc- 
tions; another planer attracted great 
attention because of its completely 
electrical control and operation. Torque 
motors were operating chucks and 
doing similar tasks formerly done 
manually. A 4-spindle automatic 
screw machine was turning out 
shouldered screws with a tolerance of 
0.0003 in. on the diameter of the 
shoulder. To describe 
would take a book. 

Returning from the show, the pro- 
duction manager of a general manu- 
facturing company was dubiously 
shaking his head. Asked why, he 
answered, “If I can’t convince our 
vice-president to buy new machine 
tools, I'll be out of a job because we 
won't be able to compete against our 
competitors who have these new ma 
chines.” The answer was, “Send him 
to the show, he’ll buy.” 

Exactly that was happening at the 
show. Machine tool salesmen sat down 
to supper with cheerful grins. Numer- 
ous sales were reported; many excel- 
lent prospects expressed their inten- 
tions to buy. One manufacturer esti 
mated that he would have to buy 
$100,000 worth of new equipment. The 
machine tool industry is now cashing 
in on its engineering activity over the 
past years. 


everything 


Epitor’s Notre—Editorial staff mem 
bers of Product Engineering were in 
constant attendance at the Machine 
Tool Show, interviewing chief engi 
neers and recording the salient devel- 
opments and trends in the design of ma 
chine tools. The data and information 
obtained will be incorporated in the 
Product Development Survey Report 
to appear in the November number. 
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New MATERIALS AND PARTS 











V ari-Pitch Texrope 
Sheave 


Can be adjusted to give speed varia- 
tions as high as 25 per cent. When 
both sheaves of a drive are of this 
type, the range of variation is in- 
creased correspondingly. Made in two 
multi-groove types—stationary and 
motion controlled. The former is used 
when occasional changes are required, 
and the latter is used where frequent 
quick changes within the full range are 
required while the drive is in opera- 
tion. Allis-Chalmers Mfg. Co., Muil- 
waukee, Wis. 





Anti-Friction Bearing 
Caster 


Heavy duty “Forge Weld” caster 
for swiveling and non-swiveling ap- 
plications. Drop forged of S.A.E. 
1045 steel. Raceways for į and 4 in. 
diameter balls are precision machined, 
\lemite equipped. Bolt and nut as- 
embly throughout for bearing ad- 
justment. Wheels are mounted on 
Hyatt or Timken roller bearings and 
made of nickel-steel-iron or Textolite 
or are rubber tired. Each metal or 









Textolite wheel has capacity of 1,500 
to 2,000 1b., and 450 to 550 lb. for 
rubber tired wheels. Sizes .available 
for 5, 6, 7, 8 and 10 in. diameter wheels 
with 24 to 24 in. offset. Service Cas- 


ter & Truck Co., Albion, Mich. 


Oil-Proof V -Belt 


For use on machine tools and other 
installations where excessive oil con- 
ditions exist. The “Daycoil” V-belt, 
made of synthetic rubber, has the 
same laminated construction principles 
as the regular Dayton Cog-Belts. It 
is said to have flexibility, resiliency 
and good abrasion resistance and wear- 
ing qualities. Dayton Rubber Mfg. 
Co., Dayton, Ohio. 


Solderless Cable 
Terminal Lugs 


Are neither castings or forgings but 
are made by a special “cold flow” 
process making it possible to use pure 
electrolytic copper. This process is 
said to assure high conductivity and 
to increase the mechanical strength 
to withstand the clamping of the wires 
necessary for a good contact. by 
having a through hole, better visual 
evidence of a proper contact is pos- 
sible. Only 5 sizes are necessary to 





cover the entire range of wires and 
cables from No. 14 to 1,000,000 CM. 
On all but the smallest size, socket 
head set screws are used. Bull Dog 
Electric Products Co., 7610 Jos. Cam- 
pau Ave., Detroit, Mich. 
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Interval Timer 


For precision timing, this “Meas- 
ured Time” electric interval timer is 
used for engineering and chemical re- 
quirements, A large diameter “inter- 
val dial” times periods from 1 to 120 
min. while the clock, with a large red 
second hand, indicates fractions of a 
minute. A clear-toned buzzer may be 
adjusted for loud or soft, long or 
short. Molded bakelite case has high 
dielectric strength and is acid resist- 
ing. Available in a number of colors. 
Furnished for 110 volts, a.c., 60 cycles. 
Measured Time, Inc., LaPorte, Ind. 


Circuit Breaker 


The overload element of the “Re- 
Cirk-It” circuit breaker is electro- 
magnetic with time delay controlled 
by a hermetically-sealed unit. The cir- 
cuit breakers are manufactured with 
different time current curves, and the 
breakers are then matched against the 
particular circuit characteristics. It is 
said that this method assures accurate 
protection; that the tripping point is 
unaffected by ambient temperature; 
and that the magnetic trip time delay 
provides delayed trip on overloads and 









































high speed trip on short circuits. Fur- 
nished in closed steel boxes or in bake- 
lite housings. Available for 1, 2, or 3 
pole, 250 volts a.c., 4 to 35 amperes. 
Heinemann Electric Co., Trenton, 


N. J. 


Globe and Angle Valves 


Have stainless steel valve disks and 
seat rings hardened to 500 Brinell. 
Said to prevent wire drawing, steam 
cutting and galling. Disk is attached 
to stem in such a way as to facilitate 
regrinding. Special bronze, claimed to 
lengthen service life, is used for stem 
and bonnet. Can be replaced while 





valve is in pressure service. Avail- 
able for services up to 300 1b. per sq. 
in. pressures. The Hancock Valve 
Co., 93 Elias St., Bridgeport, Conn. 


Free Cutting Alloyed 


Aluminum 


For easy machinability in automatic 
screw machines, two types of alloyed 
aluminum are available, one with mag- 
nesium content and one without, each 
having two tempers classified as T 
ind W. The T tempered material has 
tensile properties approximately the 
ame as free-cutting brass, and has 
uigh yield and shear strength with 
lightly lowered impact resistance. In 
he W tempered material high strength 
nd toughness are obtained, although 
the material is relatively soft. It is 
said to have excellent machining 
jualities and can be cold worked. 
\luminum Company of America, 
‘ittsburgh, Pa. 
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“Sure Flow” Pump 


For coolants, water, oil or fluids 
that are charged with abrasive. Said 
to maintain their prime without sub- 
merging part of pump in the fluid. 
Available for low and high pressures 
and supplied with horizontal or verti- 
cal base for upright or wall mounting. 
Belt drive models can be had for 4, 
10, 20, 50 and 100 gal. per min. 
capacities. Direct motor drive models 
available in 10, 20, 50 and 100 gal. 
per min. capacities. The Acme Ma- 
chine Products Co., Inc., Muncie, Ind. 


De-ion Contactors 


Suitable for built-in use, the 100 and 
150 amp. De-ion contactors are said 
to have a high-rupturing capacity, and 
are compact, of shock-proof construc- 
tion, quiet operating and can be con- 
nected front and back. Have a rolling 
and sliding contact on closing with a 
high contact pressure. Shields con- 
fine arc flame so that electrical clear- 
ance around arc members can be re- 
duced to a minimum. Quenching 
members said to provide high inter- 
rupting capacity, long contact life for 
frequent operation and large safety 
factors on overloads. Contactors 
utilize E-type magnet with vertical 
armature travel. Jarring and bumping 
cannot cause accidental closing. All 





parts accessible from front. Can be 
mounted on steel base or panel ma- 
terial. Westinghouse Electric & Mfg. 
Co., Pittsburgh, Pa. 


Cast Iron Enamels 


A new series of lead-free vitreous 
enamels for cast iron are said to be an 
exact match in whiteness for sheet 
iron enamels. Previously there had 
always been a distinct difference be- 
tween shades of white for porcelain 
enamels fabricated for cast and sheet 
iron. The enamel formerly used on 
cast iron usually showed yellow or 
gray and did not have the opacity of 
sheet iron enamels. It is said that 
these new enamels for cast iron are 
more workable and do not require spe- 
cial treatment. The Porcelain Enamel 
& Mfg. Co., Baltimore, Md. 


Automatic V ariable-S peed 
Ratchet Control 
The power input shaft of the 


variable-speed transmission can be 
driven by motor, line shaft or engine, 





and drives a gear reducer of proper 
ratio by a roller chain. The output 
shaft of the reducer is connected by an 
adjustable arm to the ratchet which is 
mounted on an extension of the speed 
changing screw of the transmission. 
When the speed range required over 
a fixed period of time is known, the 
ratchet can be set so the transmission 
begins operation at either extreme and 
finishes at the other extreme. In the 
application shown the variation is 
only 83 r.p.m., or 34 turns of the speed 
changing screw in 11 hr. The trans- 
mission is then shifted by hand back 
to the starting speed position and the 
ratchet reset by the lever. Reeves 
Pulley Co., Columbus, Ind. 


Electric Eye 


Photo-electric cell consists of two 
metal electrodes hermetically sealed in 
a bakelite case. Said to be unaffected 
by continuous exposure to light but to 
react to both the intensity and fre- 
quency of the incident light rays and 
to be entirely electronic in action. Can 
be used as a component part in suit- 
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able circuits to operate relay s, deflect 
sensitive meters, or when connected to 
the input of a vacuum tube amplifier 
to perform operations which are ac- 


curately completed in 1/10,000 sec. 
Operates on a.c. or d.c. and is avail- 
able either singly or in complete as- 
semblies containing cells, relays, tubes. 
resistances or sockets. Hugh H. Eby, 
Inc., 2066 Hunting Park Ave., Phila 
delphia, Pa 


Proportional Mixer 





gas-air 


For maintaining 


constant 
ratio in burner applications where 
close control of atmosphere is neces- 
sary for combustion efficiency. Con 
sists of a diaphragm-actuated control 
valve that feeds gas at atmospheric 
pressure to an inspirator into which 
the gas is drawn and mixed with air. 
The governor is said to be responsive 
and lag-free, simple to operate and 
adapted to automatic control. 
Ratios are varied by manual opera 
tion. The Philadelphia Drying Ma- 
3351 Stokley St., Phila- 


easily 


chinery Co., 
delphia, Pa. 


Ball Float Level Stabilog 


Maintains a level in a chamber 
within safe limits and said to provide a 
smooth out-flow without creating up- 
setting surges when sudden increases 
in input occurs \ friction-free ball 
float mechanism is counterbalanced by 
movable weights to insure maximum 
Can be installed with ball 


accuracy. 
float inside the pressure vessel or on 












the outside of a kidney type float 
chamber. The mechanism employs 
knife-edge bearings. The Foxboro Co., 
Foxboro, Mass. 


“Yoloy” Steel 


Nickel-copper alloy steel for resist- 
ance to corrosion. Said to have high 
tensile strength combined with duc- 
tility, workability and weldability. 
(Can be hot or cold formed. Made in 
two series, the low strength series hav- 
ing a tensile strength of 74,000 lb. per 
sq. in., and the high strength series 
having a tensile strength of 92,000 1b. 
per sq. in. Available in sheets, strips, 
plates, bars, shapes, wire and seamless 
pipe. Youngstown Sheet & Tube Co., 
Youngstown, Ohio. 


Metering Pump 


Two-stage adjustable type for light 
commercial and industrial oil burners, 
does not require regulating valves, 
Venturi tubes or viscosity controls. 
When solenoid or mechanically oper- 
ated shut-off valves are used, pump is 
equipped with adjustable by-pass to 
prevent building up high pressures 
when burner is slowing down after 
the valve has been shut off. The 
pump operates at 200 r.p.m. through a 
reduction gear unit. Constant flow is 
provided regardless of oil tempera- 


Available 
in various capacities with or without 


ture, pressure or viscosity. 


electric drive. Wicaco Machine Corp., 
4801 Stenton Ave., Philadelphia, Pa. 


Industrial Thermometer 


“Ideal Tel-Temp” is for quick and 
accurate determination of temperature 
of motors, generators, bearings, air 
compressors, centrifugal pumps and 
other appliances. Dial plate is mounted 
in dustproof aluminum case and pro- 
tected with a non-breakable crystal 
and chromium-plated cap. Has gradua 
tions of 0 to 100 deg. C. on a colored 
background for indicating safe, caution 
and danger zones. Fastened to ma- 
chine frame with escutcheon pins and 
is sealed by flexible rubber ring ex- 
clude draughts. Ideal Commutator 
Dresser Co., Sycamore, III. 





Semt-V ariable Resistors 


These Dividohms are wire wound 
and vitreous enameled with a narrow 
strip left bare along one side on which 
contact is made by a ball-point on the 
adjustable lug. Point contact makes 
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possible the use of several lugs on one 
resistor without shorting out much re- 
sistance. Can be used as small motor 
controls, radio bleeder and replace- 
ment resistors, voltage dividers, lamp 
dimmers and for obtaining odd re- 
sistance values. Available in ratings 
of 30, 55, 75, 100 and 200 wats with 
numerous resistance values from 1 to 
100,000 ohms. Ohmite Mfg. Co., 636 
N. Albany Ave., Chicago, Ill. 


Phenolic Molding 
Material 


Known as “Durez 2260K Black,” 
this material is used for instrument 
cases, adding machine housings, type- 
writer parts, and boxes and containers 
that must withstand rough usage. Said 
to have an impact strength approxi- 
mately 33 per cent greater than the 
average compounds. Has a compres- 
sive strength of 29,000 per sq.in., a 
heat resistance of 400 deg., F., and 
weighs 22.2 grams per cu.in. Excel- 
lent finishes are also claimed for this 
material. General Plastics, Inc., North 
lonawanda, N. Y. 





Structural Rib Bolt 


With an “Anco-Nut,” this bolt is 
used where a tight fit in the bolt hole 
required or as a substitute for a 
ivet. The triangular shaped ribs are 
iade 3/32 in. larger than the nominal 
bolt diameter and are embedded in the 
all of the bolt hole when driven in 
ith a hammer. Made of carbon- 
anganese steel with a_ tensile 
trength of 70,000 lb. per sq. in., bolts 
ive standard button heads. Sizes of 
to 1 in. diameter and 1-1/16 to 
5-5/16 in. long are available. The nut 
constructed with a locking pin to 


prevent loosening of the nut without 
a wrench. Automatic Nut Co. Ince., 
Chrysler Bldg., New York, N. Y. 





Small Clutches 


Can be operated singly or doubly 
either dry or in oil. Design is the 
same as larger sized clutches except 
that the angle of actuation has been 
adapted to conserve frictional area and 
to strengthen the carrier. Have hand 
adjustment for wear. Fastened to 
shaft by set screw or key and set 
screw. Three sizes available, single 
plate clutches for fractional hp., and 
multiple plates for heavier drives; 34, 
44 and 5§ in. outside diameter. Con- 
way Clutch Co., 1536 Queen City Ave., 
Cincinnati, Ohio. 


Copper-Nickel- 
Molybdenum Steel 


Has a combination of high strength, 
ductility and resistance to atmospheric 
corrosion. Because this “Double 
Strength” steel has an exceedingly 
tight oxide skin, it is being used for 
railroad and automotive truck equip- 
ment for carrying coal and other cor- 
rosion-promoting products. The steel 
is being manufactured in two grades, 
grade 1 having a maximum carbon 
content of 0.12 per cent, and grade 
1-A of 0.30 maximum carbon. In 
both grades the other alloys are the 
same; manganese 0.50 to 1.00; copper 
0.50 to 1.00; nickel 0.40 to 0.80 and 
molybdenum 0.20 maximum. Physical 
properties of normalized sheet, strip 
and plate steel for grade 1 are, yield 
point 60,000 Ib. per sq.in., tensile 
strength 75,000 Ib. per sq.in., and a 
minimum of 25 per cent elongation in 
2in. For grade 1-A the yield point is 
70,000 Ib. per sq.in., a minimum ten- 
sile strength of 90,000 Ib. per sq.in. 
and a minimum of 18 per cent elonga- 
tion in 2 in. Said to have little 
tendency to air-harden so that it can 
he spot and are welded. Republic Steel 
Corp., Massillon, Ohio. 


MANUFACTURERS’ PUBLICATIONS 











Ball and Roller Bearings — The 
Gwilliam Co., 360 Furman St., Brook- 
lyn, N. Y. Catalog 12, 16 pages, 84x11 
in. Listing roller thrust and journal 
roller bearings, ball thrust bearings 
with flat and grooved races, and thrust 
bearings with levelling plates. Various 
types of special bearings are shown, 
and a list of steel ball sizes are given. 


Formica—The Formica Insulation 
Co., Cincinnati, Ohio. Folder “Tires 
for Factory Trucks,” shows tires made 
of Formica for separate rims and non- 
separable rims and hubs for rayon, 
paper, tinplate, and silk mills and soap 
factories. Range of outside diameters 
4 to 12 in. for non-separable rim and 
hub type wheel and 9 to 11 in. diam- 
eter for separate rim type. Also, 
folder “Pulleys, Bushings and Cabin 
Lining for Airplanes,” giving Formica 
pulleys equipped with graphite impreg- 
nated bronze or corrosion resisting 
ball bearings. Airplane lining for 
cabins in sheet form available in 40 
colors, also included. 


Gear Motors—Allis-Chalmers Mfg. 
Co. Milwaukee, Wis., Leaflet 2203, 4 
pages. Describes eight compact and 
self-contained speed reducers, with in- 
tegral or attached motors for low- 
speed drives mounted either hori- 
zontally or vertically. Motors with 
ratings of 1,750 r.p.m. have various 
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speed reductions from 1,165 to 6.08 
r.p.m., from 1 to 50 hp. capacity. 


Pressure Reducing Valve — A. W. 
Cash Co., P.O. Box 135, Decatur, IIl. 
Bulletin No. 962, 8 pages, 84x11 in. 
The “streamlined” principle as applied 
to this valve to overcome turbulence 
and obtain a straight flow is described 
and illustrated with line drawings. 
Valve is used for air, steam, water or 
oil. Capacity charts for use with 
steam, water and air are included. 


Pumps, Motors, Transmissions — 
\merican Engineering Co., 2440 Ara- 
mingo Ave., Philadelphia, Pa. Catalog 
F, 43 pages, 84x11 in. Explaining the 
fundamental principles of Hele-Shaw 
fluid power with text and diagrams. 
Photographs and cross section draw- 
ings show the construction and method 
of operations. Numerous types of 
regulators and various applications are 
shown. Engineering data relative to 
hydraulic power, charts of hp. ratings 
for low and high pressure pumps, and 
various tables are included. 


Resistance Wire—Wilbur B. Driver 
Co. (formerly Gilby Wire Co.), River- 
side Drive, Newark, N. J. Manual, 60 
pages, of “Tophet” resistance wire for 
electrical, radio, chemical, mechanical 
and automotive industries. Numerous 
charts and tables pertaining to the de- 
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sign and construction of electrical 


heating units are included. 


Rotary Blowers—Roots-Connersville 
Blower Corp., Connersville, Ind. Bulle- 
tin 21-Bl7, 4 pages. Blowers of 
constant and variable volume or pres- 
sure for gas and oil burners, furnaces 
and ovens, vacuum chucks, pneumatic 
conveying, air-blast cleaning for motors 
and machinery, and paper folding ma- 
chinery or wherever air is to be 
moved at moderate pressures or 
equivalent vacuums. Relief valves, air 
silencers and filters are included. 


Stainless and Heat-Resisting Castings 
—The Cooper Alloy Foundry Co., 150 
Broadway, Elizabeth, N. J. Folder il- 
lustrating various chrome-nickel iron 
castings with alloys of selenium, sili- 
con, titanium, molybdenum, copper or 
tungsten. For use in numerous indus- 
tries where resistance to corrosion and 
erosion, wear, creep, deformation and 
heat are required. 


Steel—Edgar T. Ward’s Sons Co., 
P.O. Box 1557, Pittsburgh, Pa. Cata- 
log “Steel-Methods and Materials,” 172 
pages, 54x84 in. Indexed under 10 
divisions for steel bars, tubing, strip 
and flat wire, sheet steels, tool steels, 
spring steels, spring wire, drill rods, 
aluminum and general information. 
Physical and chemical characteristics, 
heat-treatment, machinability, sizes and 
tolerances are also given. 





Toggle Type Switches — The Hart 
Mfg. Co., Hartford, Conn., Bulletin 
No. 17, 14 pages, 84x11 in. Showing 
“Diamond H” heater switches as ap- 


plied to ovens, hot plates, grills, table 
stoves and electric ranges. Wiring dia- 
grams, dimensioned outline drawings 
and rating data also included. 


Valves—The Fairbanks Co., 393 La- 
fayette St., New York, N. Y. Catalog 
No. 21, 52 pages, 6x9 in. Bronze and 
iron valves showing characteristics 
and construction in cut-away section 
photographs. Types included are 
bronze, plain and regrinding globe and 
angle valves, gate, check, cross, swing 
check and sphero valves and Dart 
unions in various styles. Iron body 
gate valves with renewable bronze 
threadless seat rings are included. 
Range of sizes and working pressures 
for all types given and a page on the 
care of valves is included. 


V-Belt Drives—The Gates Rubber 
Co., Denver, Colo. “Complete Guide 
for Selecting or Designing V-Belt 
Drives,” 48 pages, 8łx11 in. Simpli- 
fied engineering manual, so written that 
any drive can be completely designed 
and delivered price determined from 
one text. One section outlines an easy 
method of checking tensions and dis- 
cusses the effects on V-belt of oil 
water, steam, dust and chemical fumes. 
Information not previously published 
is contained in sections on the care, 
maintenance, tension adjustment, serv- 
ice conditions, conversions and “fly- 
wheel effect.” Instructions for design of 
V-V-belts, quarter-turn, double-V, and 
V-flat drives are also included. A sec- 
tion of 10 pages lists pulley specifica- 
tions for various sizes of belt sections. 


BOOKS AND BULLETINS 





Machine Designer’s Guide 


Kasimir W. Najder. 198 pages, 
54x8 in. 265 illustrations. Green cloth 
board covers. Published by Edwards 
Brothers, Inc., Ann Arbor, Mich. 
Lithographed. Price $2.50. 


A clear and concise book of formu- 
las for reference without the use of 
higher mathematics. It is intended for 
daily use by mechanical engineers, 
machine designers, draftsmen, inven- 
tors and technical students. Divided 
into five sections, the first of 26 pages, 
contains tables and construction of 
curves. In section 2, the subject of 
mechanics includes 33 pages. Some 
of the more important subjects cov- 
ered in this chapter are gravity, work, 
power and energy, horsepower, forces 
and motions, the mechanical elements, 
thermodynamics, inertia and torque. 
Section 3 deals with graphics of 
forces, center of gravity, bending mo- 
ments and reactions and bearing pres- 
sures. Strength of materials in Section 
4 contains strength, stress and weight 
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tables, 16 pages of beam formulas and 
various spring calculations and tables. 
In Section 5, there are 38 pages with 
45 examples and 36 sketches of prac- 
tical design problems with a detailed 
solution in each instance. There are 
247 formulas in the book. An index 
of 10 finely printed pages completes 
this reference book. 


Applied Working Deflection 
Principles of Helical Spring 
Design 


Walter H. Roe, 82 Liberty St., Tif- 
fin, Ohio, paper covers, 8 pages, 85x11 
in. Price $1. 


Charts and tables based upon the 
working deflection or working range 
rather than on the total deflection of 
helical springs. The author takes into 
consideration both maximum and min- 
imum working stresses, with special 
emphasis that the minimum stress is 
as important to the life of the spring 
as is the maximum deflection. The 





difference of these two stresses are 
plotted on a chart for corresponding 
values of maximum stress. Other 
charts include correction factors so 
that they are adaptable to round or 
square wire of carbon or chrome van- 
adium steels, and for bronze, brass or 
Monel metal. 
v 


Thermostatic Bi-metal 


The H. A. Wilson Co., 105 Chestnut 
St., Newark, N. J. Descriptive booklet 
“Wilco Blue Book of Thermometals,” 32 
pages, 84x11 in., paper covers. 


This data booklet describes in detail 
numerous types of thermostatic bi-metals 
for a varied line of applications which in- 
cludes uses in automobiles, hearing de- 
vices, indicators, scales and measuring in- 
struments, electric clocks, motors, domes- 
tic heat appliances, refrigerators, signal 
devices, time switches and other products 
in which bi-metal is used. The useful 
properties of eight thermostatic metals 
with deflection and force exerted because 
of temperature changes are tabulated and 
charted. Temperature deflection curves 
of eight types of bi-metal are given. Two 
pages contain the derivation of thermo 
metal formulas. 


The Properties of Some 
Special Bronzes 


International Tin Research and De- 
velopment Council, Technical Publication 
Series A, No. 18, by D. Hanson and 
M. A. Wheeler, 20 pages. Copies are 
available free from L. J. Travener, 149 
Broadway, New York, N. Y. 


A survey of the experiments in which 
various elements have been added to cop- 
per-tin alloys, other than phosphorus and 
zinc. Shows the effects of aluminum, 
manganese, aluminum plus manganese, 
silicon, and iron on the hot- and cold- 
working properties of the bronzes, and on 
the mechanical properties of the rolled 
products. Some observations have also 
been made on the microstructures of the 
various alloys used. Charts, tables and 
photomicrographs are included. 


Stress Concentration at Fillets, Holes and 
Keyways as found by the Plaster-Model 
Method 


University of Illinois, Engineering Ex- 
perimental Station, Urbana, Ill. Bulletin 
No. 276, by Fred B. Seely and Thomas J. 
Dolan. 34 pages. 


The object of the tests recorded in the 
bulletin was to obtain the information on 
the reliability of the plaster-model method 
for determining highly localized stresses. 
These tests supplement the mathematical 
method. It is assumed that with certain 
limitations, the same ratio will hold be- 
tween load and maximum stress in any 
member made of elastic and ductile m3- 
terial, such as low-carbon steel, as 
found for a similarly-loaded brittle-m:- 
terial member, provided that the stres 
does not exceed the proportional limit 
the ductile material. The booklet con 
tains thirteen photographs and charts 
sample pieces, and four tables of physica 
data. 
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Chart for Calculating Needle Bearings 


CARL P. NACHOD 
Vice-President, Nachod & United States Signal Company, Inc. 


N THE preparation of the chart given on 
the next page, engineers of the Bantam 
Ball Bearing Company, McGill Manufactur- 
ing Company, Roller Bearing Company of 
America, and the Torrington Company, fur- 
nished the criticism and suggestions that 
form the basis of the following comments and 
explanations. 


All the engineers consulted agree that the 
formula solved by the chart is “a standard 
one for calculating the load-carrying capacity 
of a roller or needle bearing of the given 
proportions under ideal conditions. Correc- 
tion factors for service conditions as recom- 
mended by the makers should be applied. 
That is, determination of the load capacity of 
a needle or quill bearing is a function of vari- 
ables in addition to the ones considered in the 
formula and chart. All facts regarding an 
application should be known before a bearing 
can be selected for a given service.” 


Indeed, the formula itself is empirical and 
is open to question, although it can be safely 
used in making preliminary calculations. The 
constant (6,000) has been changed several 
times over the past few years, for the reason 
that “there is very limited authoritative data 
available on the design and mechanics of the 
so-called needle type bearings, in a large 
measure, because the unit is, as we consider 
it today, of recent development.” 


The principle of the small-diameter roller, 
full type cylindrical roller bearing is not new, 
but not much thought was given to it in the 
days when it was used for toys and farm 
equipment. However, when consideration 
was given to the application of that type of 
bearing to machine tools and other machinery 
and equipment, it became necessary to make 
a careful study of the mechanics of its 
operation. 


Various constants have been used in the 
formula on which this chart is based. In the 
past, 11,250 and 10,000 have both been used 
and recommended for determining the safe 
loads on needle bearings. In some instances 
the neglect to allow for unusually severe 
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service conditions resulted in the bearings 
thus calculated failing in service. In order 
to be on the safe side, the constant 6,000 is 
used in the formula presented here. This 
increases the factor of safety. It is con- 
sidered advisable to use a generous safety 
factor, particularly since such variables as the 
life or fatigue limit of the bearing material, 
misalignment, loss of effective roller length 
and clearances are not incorporated in the 
formula. 


Alignment is perhaps the most important 
factor in satisfactory needle-bearing opera- 
tion, especially where the rotation is at rela- 
tively high speeds. This becomes an acute 
problem as the length of the roller increases. 
The usual causes of this misalignment are im- 
proper machining of the shaft housings, 
deflections caused by lack of rigidity in the 
design, and general machining inaccuracies. 
These should be eliminated as much as pos- 
sible if the bearing is to operate at its theo- 
retical capacity. 


For convenience, the load factor for the 
variation in race hardness is shown by the 
curve given on the chart which is taken from 
the Engineering Data Book of the Bantam 
Ball Bearing Company. By making the cal- 
culation as indicated on the chart, corrections 
can be made for differences in race hardness. 


The chart takes into account the difference 
between total roller length and effective roller 
length in that all calculations must be made 
on the net effective length of the roller. The 
length of the rounded ends, etc., must be de- 
ducted from the total length of the rollers. 
All designs of rollers have a definite loss on 
the ends. 


One factor that is not incorporated in the 
chart is the life or fatigue limit of the bear- 
ings. However, the generous factor of safety 
by virtue of the low constant used will, for 
all average applications, provide for a satis- 
factory life or fatigue limit for the bearing. 
In the final design it is always best to consult 
the bearing manufacturer and have the fig- 
ures checked by his engineering department. 
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Chart for Calculating Needle Bearings 


CARL P. NACHOD 
Vice-President, Nachod & United States Signal Company, Inc. 


W =- Load on bearing in lb. 
Number of rollers 
Effective roller length in in. 


\ Roller diameter in in. 
Safe load from needle bearings 
w - 6000 Nld \ 


Vn ` 


0.1 \ 02 025 03 


R.p.m. 


1 3 1 5 Tu | 
A6 [32 78, 732 Mo 24 
Ad, Diam. of Roller, Inches 


Pivot Scale 


Index lines show a needle bearing with 
25 rollers £'x% at 2240 rpm. will safely 
carry aload of 897 lb. 

Load figures are based on contacting 
surfaces hardened to Rockwell C-51 
and accurate alignment 
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Rockwell C Hardness Number 
The curve shows that the bearing load W of 
/ 897 lb. at a bearing hardness of C-51,may be 
/ increased to 1,500 lb. atahardness of C-60 


L- Length of Cylinder in In Dimension l shown is the effective 


7 3 < length of the cylindrical portion 
8 4 


excluding rounded or projecting ends 
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